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Better Because of You 


Operating Experience 


Welded-in floor plates provide a 
smooth rolling surface for your 
circuit breaker. Guide rails placed 
at each side of the breaker 
compartment add rigidity to the 


structure, A-3385 


Ruptair is an 
Allis-Chalmers trademark. 


ve HELPED US design improvements 
into our switchgear. As the result of 
your suggestions and operating experiences, 
we added many new features including more 
panel space for instruments and relays, 
welded-in floor plates, wider guide rails, 
additional protection for wiring and made 
a more rigid switchgear structure. The new 
switchgear design is not only more function- 
al, but it’s attractive as well. It makes an 
impressive installation in any plant. 

You requested more compartment space 
for mounting auxiliary equipment. So we 
designed a new and more spacious compart- 
ment for mounting power transformers, 
transfer bus and similar equipment. It per- 
mits you to make a variety of circuit arrange- 
ments in a single standard breaker unit. 

You wanted to avoid special plant floors 
for the installation of switchgear. We de- 
signed welded-in floor plates to eliminate 
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this requirement and still provide smoc 
rolling surfaces for the breakers. Rupt. 
magnetic air circuit breaker equipped wi 
built in wheels roll over this steel fic 
smoothly and easily. 

As the result of your experience and sv 
gestions, special wiring is looped whi 
flexing occurs to eliminate excessive we 
Wide full length guide rails on each si 
of the breaker compartment increase str 
tural rigidity and protect wiring. 

Your ideas have helped make stande 
Allis-Chalmers switchgear safer, strons 
and better built. It’s modernized to dc 
better protection job for you. 

Standard Allis-Chalmers switchgear 
composed of matched units, yet it can 
tailor-made to suit your requirements. ¢ 
the facts today from your local All 
Chalmers sales office. Or write direct 
Allis-Chalmers, Milwaukee 1, Wiscons 
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HIGHLIGHTS........ 


The Power to Progress. President Le- 
Clair reviews a half-century of progress in 
the electric power industry, and states that 
im coming years the engineering profession 
has even broader opportunities ahead 
(pages 563-5). 


Submerged Repeater for Ocean Cable. 
A description of an underwater repeater 
installed in a  transoceanic telegraph 
cable is presented in this article. The 
repeater, at a depth of 270 fathoms, 
more than tripled the operating speed 
of the cable (pages 566-70). 


Magnetrons for Dielectric Heating. A 
magnetron capable of 5-kw output at 
915 megacycles has been developed specifi- 
cally for dielectric heating applications. 
This tube and apparatus for heating dinners 
and plastics are discussed (pages 627-33). 


Microwave Equipment for Industrial 
Communication. An analysis is made of 
a particular 940—960-megacycle communi- 
cation set. Among the subjects treated are 
frequency choice, frequency control, 
methods of modulation, antennas, and 
receiver problems (pages 573-8), 


Renaissance in Electrical Education. 
The author compares the curriculum of 
1925 with that of 1950 and discusses the 
changes that the field of electronics has 
brought electrical education (pages 587-4). 


Giovanni Giorgi. This brief article 
presents some of the highlights of the career 
of Giovanni Giorgi (1875-1950), who 
possessed the qualities of both theoretician 
and practical engineer (pages 587-8). 
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Experiments with Peltier Effect. The 
Peltier effect, which causes an absorption 
of heat when a current flows across the 
junction of two unlike metals, has been 
investigated lately. The introduction of 
new alloys increases the possibility of 
putting the effect to practical use (pages 
589-97). 


Winding Insulation Tester 
Armatures. 


for D-C 
Apparatus for testing d-c 


armature insulation by the use of surge | 


voltages has been developed. To provide 
test potentials of 500 volts’ peak on the low 
bar-to-bar resistance of the commutator, 
small ignitrons were incorporated in the 
design (pages 597-4). 


Oil-Well Pumping Motors. A study of 
properties desired in motors for pumping 
oil wells shows that dripproof or protected- 
frame motors will be satisfactory for most 
locations. Motors with slip from 5 to 8 
per cent are generally best for the type of 
load which oil-well pumping imposes 
(pages 598-607). 


Tube Surveillance in Large-Scale Com- 
puters. With 18,000 vacuum tubes in- 
volved in one computer, the problem of 
their maintenance is a major one. Tubes 
were checked, and their histories recorded; 
the results of a survey show that some 5,000 
tubes had to be replaced over a 5-month 
period (pages 605-7). 


Electricity as Primary Energy for Space 
Heating. Human comfort, considered 
from a thermal viewpoint, depends on the 
mean radiant temperature of the enclosing 
surfaces, ambient air temperature, direc- 
tion and intensity of air movements, and 
the relative humidity. Tests show that 
electric panel heating provides these 
factors in a way that competes with con- 
ventional heating methods (pages 608-77). 


Formed Power Transformer Cores. 
When cold-rolled oriented strip steel was 
introduced into transformers, new types 
of distribution transformer cores were 
developed. These cores were of the wound 
type and utilized the magnetic properties 
of oriented steel very efficiently. Recently, 
a new type of single-phase power trans- 
former core using oriented steel has been 
developed and put into production (pages 
614-17). 


Measurement of Metal Wall Thickness. 
Finding the thickness of metal pipes, 
boilers, and so forth, is an important 
industrial problem. ‘This can be done by 
setting up ultrasonic resonance waves in 
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a technical program paper, including dis- 
cussion, if any, as it will appear in the 
annual volume of AIEE Transactions. 
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the metal—their frequency is a measure of 
thickness—so that the measurement can 
be done from one side. A portable instru- 
ment for doing this is described (pages 
679-23). 


Sensitive Relays in Process Control. 
Engineers faced with control problems 
will find in this article some useful informa- 
tion on sensitive instrument type relays. 
Nonmagnetic and magnetic types are 
discussed and some typical circuits are 
presented (pages 625-0). 


Electrical Essays. A. A. Kroneberg tells 
about an odd network in this month’s essay, 
and the answer to “A 4-Point Network” is 
given (pages 623-4). 


Membership in the American 


Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical 


engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. H. H. 
Henline, Secretary, 33 West 39th 
Street, New York 18, N. Y. 
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The Power 


to Progress 


TMGreLe CLATR: 


PRESIDENT ATEE 


To industry, electric power is the power to progress. It is the power to produce more 
goods and services with a given number of men. The Institute also has the power to progress by 
_ advancing electrical engineering as the key to the electrical industry. 


OW THAT WE have passed 
Ni the half-century mark, it 

seems appropriate to cover 
at has taken place and what we 
vy expect in one phase of this 
ctrical industry, rather than to 
ver the entire field of electrical 
pineering fora year. ‘The elec- 
c¢ power industry is the only 
e on which I feel competent to 
sak, and this half-century of 
ogress may furnish some inter- 
ing thoughts for engineers in all 
anches of the profession. All of 
are interested in the utilization 
electricity in connection with 
r daily work, even more, perhaps, 
an we may realize. 
At the turn of the century, the 
stitute was only 16 years old, 
d electrical engineering, as we 
ow it, was also in the knee- 
seches stage of development. 
en today, after 50 years of further progress, while we have 
padened tremendously, the profession is still in the 
ung and growing stages and subject to some of the 
cessary growing pains. 
Not much progress in the production of goods and services 
s made by mankind in the thousands of years up to the 
1e of the industrial revolution. On the other hand, 
‘y rapid progress has been made toward better living 
ring the lifetime of our older members, and this progress 
the lifetime of the Institute has been much greater than 
all of man’s previous history. Man’s early tools, such 
the wheel and screw and lever, were helpful, but with 
wer for these implements furnished by the physical 
srtion of men and animals, production per man-hour was 
sessarily limited. With the advent and the rapid 
ywth in the use of electric power, which is convenient, 
thly adaptable, and economical, the production per 
n-hour has been increased tremendously; furthermore, 
. developments of many new machines, materials, and 
vices have been stimulated or made possible. 
Even when man made use of animals or a water wheel, 


ntially full text of an address presented at the AIEE Summer General Meeting, 
oto, Ontario, Canada, June 25-29, 1951. 


. LeClair is chief electrical engineer, Commonwealth Edison Company, Chicago, Il. 
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steam or combustion engines, to 
increase his productivity, still the 
power source and the use of the 
power were bound together at one 
location. The source of power 
might be much too small or much 
too large for the task at hand. 
Also, the power production was 
often inefficient and costly. In 
any event, the source required 
much space in relation to the pro- 
duction facilities, and usually lacked 
flexibility. 

On the other hand, electric power 
is unique in both production and 
use. With the advent of electric- 
ity, it has become feasible to se- 
lect locations best suited from the 
standpoint of over-all efficiency to 
convert the primary power into 
electricity on a bulk-power basis. 
The electric power can be transmit- 
ted and distributed to the users and 
their equipment exactly at the location where needed, 
in the form suitable for the particular utilization purposes, 
and in amounts only as required. Then we have the final 
conversion, that is, electricity into power to drive a ma- 
chine, or into light, or into sound in the radio or telephone 
system, or into heat, and so forth. 

The relation of electric power to the economic progress 
of the United States is shown by the fact that although 
it has only 7 per cent of the world’s population, it produces 
nearly half of the world’s electricity. Last year, production 
was about 388,000,000,000 kilowatt-hours, while the next 
greatest production, in Russia, which has a larger popula- 
tion, was less than one-fourth as much. With about 
5 per cent of the world’s area and 7 per cent of the world’s 
people, the United States produces over 80 per cent of 
those things that make for good living as against mere 
existence. 

The commercial use of electricity had been in effect for 
almost 20 years at the turn of the century, but during the 
past 50 years the total annual production of electricity 
in the United States has increased about a hundredfold. 

Figure 1 shows the over-all increase in the use of electric 
energy in the United States on a per capita basis from 
1920 to date. These data are based on the sum of the 


563 


production by utilities contributing to the public supply 
and by those industrial establishments which operate 
generators, with 85 per cent coming from the former in 
1950. In 1920, when some of us were finishing our 
electrical engineering courses, the annual production of 
electricity was about 500 kilowatt-hours per capita. Now, 
only 30 years later, the production of electricity has grown 
to over 2,500 kilowatt-hours per capita. This spectacular 
growth in three decades brings to my mind a picture of the 
ever-increasing and ever-widening uses of electric power in 
the factory, mine, office, public place, farm, and home. 

Since 1882, when Edison and his friends started the opera- 
tion of the first utility to supply electricity to the general 
public, the power that assists each American factory worker 
has increased from 11/3 horsepower to almost 8 horsepower. 
Prior to that period, none of the power was electric; now, 
almost all of it is electric. 

To my mind, a better indicator of the importance of 
electric power in industry is the actual kilowatt-hour usage 
per year for each production worker in manufacturing 
plants. Figure 2 shows how this rate has grown in the 
past 30 years. In that rather short period, the usage per 
worker has quadrupled. Last year the average production 
worker in manufacturing industries used about 13,000 
kilowatt-hours of electric energy. This amount of energy 
is equivalent to the physical efforts of about 100 men 
working 40-hour weeks for one year. This figure of 100 is, 
of course, an approximation, as methods of calculation 
give results varying from 75 to 200 men. 

Observations in factories bring out no end of illustrations 
of the flexibility of electric power in enabling the individual 
worker to perform tasks in a convenient and efficient 
manner. In each case there are interesting instances of 
how electric power, combined with machinery, requires 
only a fraction of the manpower that was previously 
required. This is seen in machines and associated appa- 
ratus used in canning factories, in making lamp bulbs, 
in steel mills, and so forth. The electric-light bulb is 
made by a large machine which costs many thousands of 
dollars but which requires the attention of only a few 


girls. ‘The result is a bulb that now costs less than a tenth 
3000 
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Figure 1 (left). Production of electricity in the United States 


Figure 2 (right). Use of electric power in United States manu- 


facturing industries 
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these improvements in the new Ridgeland Station ne; 
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of what it did in the beginning of the century, even thou 
the costs of materials and manpower have increas 
considerably. In this case, as in many others, the produ 
also is improved. 

In other fields, such as at new power stations havi 
centralized control, the use of electric signals and speec 
communication has reduced the manpower requiremen 
Centralized control systems, which utilize electronic 
well as 60-cycle circuits, reduce the operating personr 
needed in the boiler room, turbine room, operating galler 
and around the electric apparatus. As a result of usil 


Chicago, the required operating force is only about one-hé 
of what would be necessary for the same units operated 
in the older stations. 

While the horsepower per factory worker has risen / 
six times its initial value in the electrical age, the standai 
work week has decreased from 60 to 40 hours. Furthe 
more, the physical exertion required in doing factory wot 
has been decreased greatly by the use of power-drive 
machines. The gain of 20 hours per week available fe 
recreational, cultural, and other pursuits represents mo; 
of a gain than may be apparent at first. The better worl 
ing conditions and less physical exertion resulting from th 
use of electric light and power leave the worker in muc 
better mental and physical condition to enjoy his increasé 
leisure time. 

During the same period, that is, since the beginning ¢ 
the electrical age, the purchasing power of the factor 
worker has practically tripled. This sharp increase is 
direct result of many things including, in particular, th 
harnessing of electric power to increase the production pe 
man-hour. 

Although 75 per cent of the electricity used in factorie 
operates motors, much is used for lighting and, mor 
recently, for such operations as infrared heating, dielectr 
heating, and electric furnaces. New or improved product 
or improved operations have resulted frequently. Fo 
example, the use of electric furnaces has made possibl 
some new and higher quality steels, from which we hay 
produced gas turbines, jet engines, and other new or mor 
efficient machines. 

The increased use of electricity in factories has beet 
accelerated by its relatively minor cost. In the past fev 
years, the cost of electricity used in factories has been, ot 
the average, three-fourths of one per cent of the selling 
price of the factory products. 

Another field in which eleetric power has contribute 
greatly to better living has been in our homes. Thir 
years ago electricity was used there mostly for lighting 
Now, electric power is used in over two-thirds of ou 
homes for refrigeration, washing, ironing, and for clock 
and radios. Many other electric appliances are in com 
mon use, such as vacuum cleaners and electric ranges 
It is somewhat surprising to see how rapidly the newe 
electric devices are being adopted for home use; fore 
ample, over 10,000,000 have television sets, 2,800,000 hav 
food freezers, and 2,300,000 have electric blankets. Light 
ing now constitutes only about one-third of the usage ¢ 
electricity in the home, even though we have been adoptin 
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ger and more numerous light sources for useful and 


orative lighting. The over-all result has been the 


nomenal growth depicted in Figure 3. 
fhis again presents data on the unit basis, that is, in 
watt-hour consumption per year for each residence 
ag electricity. Last year this usage was 1,830 kilowatt- 
irs per residence, or 51/, times the unit usage in 1920. 
$ interesting to note that even during years of business 
essions and depressions, the average residential con- 
aer always has increased his usage over the previous 
iss / 
dere again the increase in the use of electricity for a 
iety of purposes has received impetus from ‘the relatively 
' cost of the electricity. The average expenditure for 
isehold electricity is only nine-tenths of one per cent of 
total personal expenditures. The average family has 
m spending nearly as much money for movies as for 
ne electricity, and spends 21/» times as much for smoking. 
The use of electric power on farms has grown very 
idly in recent years. Whereas in 1925 about 250,000 
ms, representing only 4 per cent of the total, had electric 
vice, by 1930 the utilities had increased this ratio to 10 
‘cent. Now, over 90 per cent are using electric service, 
1 it is available to over 95 per cent of the farms. The 
Tage usage on the farm has grown rapidly, as in the 
ne, mainly because the farmer is using electricity for 
ny operations formerly performed by his own physical 
rts or with the assistance of animals. In 1950, the total 
ywatt-hours used on farms was about 5 per cent of the 
al use in the country, but it was five times greater than 
farm use only 10 years earlier. 
If course, this outstanding growth in the use of electric 
ver in the factory, in the home, and on the farm, and 
attendant progress, is the combined result of a number 
factors and of the contributions of various groups of 
yple. One group, the electrical engineers, has played 
sading part in this picture. Not only have we designed 
1 operated larger generators, motors, transformers, 
les, and the like, and developed new types of equipment 
producing and distributing the greater amounts of 
rgy required, but these things have been made with 
reased economy of materials and labor. In addition, 
sortant improvements in efficiency of operation and in 
ability of service have been effected. 
\lmost every new product which is invented and put 
> production requires some new machine for its pro- 
‘tion. The list of these new machines is almost endless, 
1 almost every one is powered by electricity, the source 
power which can be used the most efficiently and can 
applied at any point where it is desired. From auto- 
biles to hearing aids, and from arc furnaces to television, 
trical engineering and electric power are the essence of 
modern standard of living and of the economic strength 
our country. We depend upon electric power almost 
nuch as on the air that we breathe. 


WHAT OF THE FUTURE? 


VERY ONE OF us has an ambition to work shorter hours, 
1 to have an easier job, and to have more of the com- 
s of living—more time for recreation, cultural, and 
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Figure 3. Use of elec- 
tricity in the home 


AVERAGE KWH PER 
RESIDENTIAL CUSTOMER 


KILOWATT HOURS 


civic affairs. This is as it should be. This is the founda- 
tion of modern progress. To me this can mean only one 
thing. If we are to have more production in fewer hours, 
we must use more electric power and must produce more 
electric power to do the work of production. Last year 
the production of electricity in the United States was 
almost 400,000,000,000 kilowatt-hours, which is a number 
so large that I, for one, have not the power to visualize it. 
The peak demand for electric power from the utilities was 
about 64,000,000 kw last year, and the latest forecast is 
that this demand will increase one-third in about three 
years. 

The title of this address, ‘“The Power to Progress,” was 
chosen as a two-edged sword. ‘To industry, electric power 
is the power to progress; it is the power to obtain more 
production for a given number of men employed. It is 
the essential for human progress. Also, the Institute has 
the power to progress by further advancing electrical 
engineering and by acting as spokesman for a growing 
industry. In the last 67 years, we have progressed through 
war and peace, through depression and boom, with a 
continually growing number of members and a continually 
expanding field. We are in a profession with even broader 
opportunities ahead than those which we nave had up to 
the present time. We must not only go forward but we 
must attract more men to the profession if we are going 
to do our duty in carrying forward the modern standard 
of living. Engineers have the power to progress, and 
electrical engineers look to the Institute to furnish the 
leadership which is so necessary in a broad and co-operative 
industry. 
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Submerged Repeater for Ocean Cable 
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NTIL RELATIVELY. 
eles years, the appli- 
cations of electronics to 
submarine cables have been 
limited to equipments in- 
stalled at the cable terminals. 
During the past decade, 
however, there has grown an 
increasing awareness of the potentially great benefits to 
be derived from the use of intermediate submerged re- 
peaters. The initial proposals! and practical applications** 
of such devices have been in the field of wide-band circuits 
involving the use of new coaxial-type cables and repeater 
spacings of 50 miles or less. This article describes an 
experimental installation of a submerged repeater in a 
long transoceanic cable, the first application of such a 
repeater to an existing low-speed d-c telegraph cable. 
The repeater was installed during September 1950 by 
the cable ship Cyrus Field on one of The Western Union 
Telegraph Company’s North Atlantic cables, 7P<, extend- 
ing from Bay Roberts, Newfoundland, to Penzance, 
England. This cable, 2,148 nautical miles in length, 
has been operated in recent years with a signal-shaping 
vacuum-tube amplifier at the receiving terminal, the cable 
station at Bay Roberts. Prior to the installation of the re- 
peater, the westward simplex or 1-way printer operating 
speed of the cable, limited by the interference level, was 
50 words per minute. With a single repeater inserted in 
the cable at a point 170 miles northeast of Bay Roberts, 
just beyond the Newfoundland Banks and 270 fathoms 
deep, the operating speed is 167 words per minute. 


PRINCIPLES OF THE SUBMERGED REPEATER 


| fae FOLLOWING discussion of the submerged repeater 
will be related specifically to 7PZ cable for the sake 
of directness, but the principles involved are general. 

1PZ, one of the slowest-speed cables of the Western 
Union system, was laid in 1881. The original cable was 
of types 350/300 and 450/270 (weight of copper per weight 
of insulation in pounds per nautical mile). Currently, 
original cable in the circuit is 428 nautical miles or about 
17 per cent. During repairs and renewals, type 650/375 
cable has been used extensively and is now the major 
type, about 39 per cent of the total length. The average 
age of the cable is 25 years. The attenuation of the cable, 
without repeater, is given in curve A of Figure 1. At a 
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An underwater repeater recently installed in 

one of the early transatlantic telegraph cables 

more than tripled the operating speed of the 

cable. This development, coming at the cen- 

tenary of the submarine cable, is expected to 
have wide application. — 


Cramer—Submerged Repeater for Ocean Cable 


frequency of 6.25 cycles per 
second, corresponding to 
speed of 50 words per minut 
the attenuation is 71 decibel 
while the attenuation at 20.83 
cycles, corresponding to 
speed of 167 words per mit 
ute, is 117 decibels. 

The profile of the ocean bed east from Newfoundlane 
along the route of 7PZ is shown in Figure 2. The cable 
profile is of particular significance with respect to the 
disturbance level on the cable. Electrical disturbances 
originating in the atmosphere and induced on the surface 
of the ocean are attenuated in propagation downware 
through the seawater. The attenuation increases wit 
frequency as indicated by Figure 3, which gives the magn 
tude of attenuation per fathom for sinusoidal disturbance 
through the range of cable telegraph frequencies. Thu 
at a depth of 250 fathoms, 20-cycle disturbance has unde 
gone attenuation of about 80 decibels. Knowing th 
cable profile and assuming uniform distribution of potentia 
on the surface of the ocean, the relative amplitude of thi 
disturbance induced in various sections of the cable con 
ductor can be evaluated. Summation of the sectiona 
disturbances, taking into account the attenuation and phas 
characteristics of the cable, gives a relative amplitude ¢ 
total disturbance level at the cable terminal. For 7PZ 
with Bay Roberts as the receiving terminal, the curve ¢ 
Figure 4 shows the portion of 20-cycle disturbance originat 
ing in the section of the cable beyond any point X mile 
from Bay Roberts. For example, if X is 150 miles, then o 
the 20-cycle disturbance level at Bay Roberts only 0. 
per cent originates in the 2,000 miles of cable east of X 
For distances greater than 150 miles, the residual dis 
turbance decreases rapidly as indicated by the curve 
An amplifier can be introduced in the cable 160 or - 
miles from Bay Roberts without appreciably increasing 
the terminal disturbance level. | 


THE REPEATER 


Lae the repeater, shown schematically in 
Figure 5, comprises a 3-stage push-pull resistance 
capacitance coupled amplifier with input and outpu 
transformers. A simple tuned signal-shaping networ 
precedes the input transformer. Type 5693 tubes are use 
in all stages, with two tubes in parallel and operated a 
triodes in each side of the output stage. The require: 
signal output is determined principally by the low-fre 
quency components of the signals. 

The power requirements of the repeater, 0.32 amper 
at 125 volts, are supplied from Bay Roberts over the sing] 
cable conductor which also serves as the signal tran: 
mission medium. The impedance of the power supply | 
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figure 1. Attenuation of 
1PZ cable 
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Figure 2. Profile of the 1PZ cable from Bay Roberts 


relatively high, including resistance of 550 ohms at the 
terminal and 170 miles of cable having resistance of about 
295 ohms. This condition tends toward repeater in- 
stability which is heightened by the narrow range available 
for discrimination between power supply and the low- 
frequency signal components. Measures taken at the 
repeater to provide stable performance include a high- 
capacitance by-pass, careful selection and matching of 
vacuum tubes, and utilization of negative feedback. 

The frequency-response characteristic of the repeater, 
Figure 6, increases with frequency to a maximum at about 
42. cycles per second where the gain is 67 decibels. With 
the repeater in circuit, the over-all frequency-attenuation 
sharacteristic of 7P< is as shown in curve B of Figure 1. 
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Figure 3. Attenuation of sinusoidal disturbance in seawatet 
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Figure 4. Ratio of 20-cycle disturbance, originating X miles from 
Bay Roberts to total 20-cycle disturbance at Bay Roberts 


No change of disturbance level is observed at Bay Roberts 
when the repeater is switched into the circuit. It is of 
interest to note that without a repeater, the received level of 
20.83-cycle signals would be 27 decibels below the dis- 
turbanee level. On the other hand, to obtain a satis- 
factory receiving level at 20.83 cycles without repeater, 
a sending level of +85 decibels (316 kw) would be required. 
It is important that the required output level at the re- 
peater be low because of the limitations imposed by avail- 
able vacuum tubes and by the power supply. To satisfy 
this requirement, the repeater should be located as near 
to the receiving terminal as consistent with natural and 
crossfire disturbance conditions. Aside from considerations 
of signal power level at the repeater, the power-supply 
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SWITCH 


CIRCUIT 


Figure 6. Frequency 
response curve of the 
repeater 
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voltage imposed on the cable at the terminal increases 
as the repeater is moved away from the terminal by reason 
of the greater voltage drop in the cable. 

The repeater includes a rotary ratchet-stepped switch 
which has two principal functions: (1) to disconnect the 
repeater and join the cable through for operation without 
repeater or for cable testing purposes; (2) to “swap” 
vacuum tubes in the event of a tube failure. Three com- 
plete sets of tubes are provided and can be utilized in 18 
different combinations. The switch is operated as required 
from Bay Roberts by trains of 60-cycle sine-waves. The 
operating winding of the switch, in series with a capacitor, 
is connected from cable to ground at the repeater. 


MECHANICAL DESIGN OF THE REPEATER 


INCE IT was planned to install the repeater in a depth 
of between 200 and 300 fathoms, the major require- 
ment to be met in the mechanical design was suitability 
for extended operation under hydrostatic pressures up to 
750 pounds per square inch. Components for low- 
frequency communication equipments are inherently bulky. 
It thus appeared inadvisable to attempt to design a housing 
of the size required in which the interior would be at or 
near atmospheric pressure. Instead the repeater is filled 
with oil and a pressure equalizing bellows automatically 
adjusts the internal pressure to the external pressure 
within a few pounds per square inch. ‘The equalizer has 
sufficient capacity to take up any small voids resulting 
from incomplete filling of the housing and to compensate 
for the relatively large volumetric temperature coefficient 
of the oil. At sea bottom, particularly in areas and 
depths involving arctic currents, the temperature may be 
as low as 30 degrees Fahrenheit. To minimize the change 
of volume and thus the capacity of the equalizer, metal 
filler is utilized to reduce the amount of oil required. 
Since the external-internal pressure differential is small, 
a gasket of synthetic rubber provides an adequate seal. 
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The repeater components are mounted on a rectangular 
chassis, Figure 7, occupying a space approximately 10 
inches by 11 inches by 26 inches. Certain of the com- 
ponents are subjected directly to the full hydrostatic pres- 
sure. These are: (1) the capacitors: which, with the 
exception of small by-pass capacitors, are all of the oil- 
filled paper-foil type; (2) the inductor and the trans- 
formers, which are of the wound-core type, having windings 
impregnated with Acme Compound; and (3) most of the 
resistors, which are wire-wound and spiral metal-film 
types. : 

The vacuum tubes are in standard metal-shell bulbs 
which are not of sufficient strength to withstand the hydro- 
static pressure encountered. The tubes, together with — 
certain related resistors, are mounted in steel cylinders, 
six tubes to a cylinder. Figure 8 shows a tube cylinder 
and a completed tube chassis, ready for insertion. In 
completing the assembly, steel plugs are pressed into the 
ends of the cylinder, and fins on the plugs are soldered to” 
corresponding fins on the cylinder. Connections are 
brought out through high-pressure terminals in the end 
plugs. Four tube cylinders are provided, one each for 
the first and second stages, and two for the output stage. 

The rotary switch, Figure 9, also is enclosed in a cylinder 
identical in design with the tube containers, except that 
it is somewhat longer. The switch operating mechanism 


is balanced so that it will function in any position. 


The repeater chassis is fastened to the cover plate. ‘The 
two cable leads and the receiving-earth lead are brought 
out through glands mounted in the cover plate. 

As shown in Figure 10, a cable entrance chamber is 
mounted on the top of the cover plate. Holes (not shown 
in this photograph) are provided in the end channels for 
the entrance of fully armored cable stubs, one in each 
channel. A concentric circle of small holes permits the 
individual armor wires to be looped back through the 
channel and firmly secured to the cable. The cores of 
the stubs are spliced to the gland cores within the entrance 
chamber. Side plates and a top plate complete the 
enclosure of the chamber, allowing entrance of seawater 
but protecting the unarmored cores within from mechanical 
damage. A heavy lowering eye on the top plate provides 


Figure 7, The repeater chassis with components in place 
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a means of eliminating hazardous strains on the cable at 
the points of attachment to the repeater. For each of the 
two cable stubs, a chain extends out from the eye followed 
by a stranded steel rope which is spliced to the cable armor 
about 15 feet from the repeater in a manner to allow some 
slack in the. cable between that point and the repeater. 
The repeater case proper is 12 inches wide by 11 inches 
deep and the corresponding dimensions of the cable 
entrance chamber are somewhat larger. The over-all 


length is about 51 inches. The complete repeater weighs 
1,140 pounds. 


INSTALLATION OF THE REPEATER 


N BEST, the operations involved in splicing a structure 
of the size and weight of the repeater in a submarine 
cable and placing it safely on the bed of the ocean depart 
considerably from the normal operations of cable ships. 
Unfavorable weather conditions introduce further compli- 
cations. In one method, perhaps the least difficult, the 
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Figure 10. View of repeater showing cable entrance chamber 


ship would pick up the cable as in normal repair operation, 
heaving to at the planned repeater location with both ends 
of the cable on board. After completion of the splices, 
the repeater would be lowered. ‘This procedure is not 
desirable, however, because the resulting slack cable 
might loop on the bottom so as to cause feedback effects 
in the repeater. Such effects are avoided in the method 
actually used. The cable was picked up at a point more 
than a mile east of the repeater location and the end of the 
eastward section was buoyed. The ship then proceeded 
to the repeater location, picking up the intervening cable. 
At that point, the cable was cut and the required splices 
were made. Then the repeater was lowered over the bow 
sheaves, the ship got under way and, paying out cable as 
in a normal repair operation, proceeded to the buoy where 
the final splice was made. In this method, once the 
repeater is free of the ship its weight is supported by the 
cable, except in the short sections on either side of the 
repeater where the load is transferred to the steel cable 
and chain arrangement described previously. 

It is desirable that the position of the final splice be 
sufficiently distant from the repeater to insure that the 
repeater is resting on the bottom and is not in suspension 
during the final splicing operation. That the measures 
described were fully effective is confirmed by the fact that 
after the repeater was first lowered to the bottom, it was 
successfully picked up and brought on board ship. The 
installation was carried out under rather unfavorable 
weather conditions and the final result is indeed a tribute 
to the staff and crew of the cable ship, where skill and 
efficiency of a high order are traditional. 


THE TERMINAL EQUIPMENT 


r | WWE RECEIVING terminal circuit at Bay Roberts is shown 
schematically in Figure 11. The arrangement is 


Figure 9. Repeater switch assembly and its cylinder 
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similar in general to a standard duplex cable terminal, 
except that the bridge arms are resistors instead of ca- 
pacitors. Power for the repeater is supplied by rectifiers 
and fed into the apex of the bridge, while a standard signal- 
shaping amplifier is connected across the diagonal of the 
bridge and functions in the usual manner. The bridge is 
balanced by an artificial line which simulates the section 
of cable between the terminal and the repeater and the 
impedance of the repeater to ground so that the terminal 
amplifier is unaffected by noise components in the power 
circuit. Since the current required at the repeater is 
0.32 ampere, the drop in the bridge arm and cable totals 
approximately 275 volts and an electromotive force of 
about 400 volts normally is applied between apex and 
ground to produce 125 volts at the repeater. Automatic 
controls maintain the power current at a constant level 
despite power voltage fluctuations and in the presence of a 
wide range of earth potentials, When earth potentials 
exceed the range of the controls or if for any other reason 
the power current approaches a predetermined safe limit, 
a circuit breaker functions to protect the repeater. The 
rack-mounted installation of rectifiers and control equip- 
ment is shown in Figure 12. 


CONCLUSION 


ee FAR only one repeater has been constructed. It 
was installed without having been tested previously 
under hydrostatic pressure because pressure-testing equip- 
ment was not immediately available and because early 
operating trials were desired. During the service tests, 
the predicted speed of 1,000 letters (167 words) per minute 
was obtained without difficulty and excellent performance 
has been obtained in traffic operation as part of a London- 
New York varioplex circuit. The soundness of the 
principles upon which the development was based has 
been fully confirmed, justifying plans for further develop- 
ment and application of the repeater. 

As might be expected, certain improvements of both 
the repeater and the terminal control equipment have 
been suggested by the experience with this initial installa- 
tion. The most important, perhaps, is that future re- 
peaters should be suitable for installation in greater depths. 
Present indications are that, on the input side of the 
repeater, it is desirable to avoid near-by crossings with 
other cables because of crossfire conditions. On congested 
cable routes most of the crossings occur in the two coastal 


SWITCHING 
UNIT 


CONTROL 
AMPLIFIER 


RECTIFIERS 1400 Vx 


+ 


0.320 AMP. 


RECEIVING 
AMPLIFIER 


10 V 
60~ 


ARTIFICIAL 
IN 


rc 
m 


%* 400 VOLTS NOMINAL, + 0 TO 300 VOLTS 


Figure 11, Receiving terminal and repeater power supply circuit 
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Figure 12. The 
power supply and 
control equipment 


areas. 


In general, repeaters should be located beyond 
the crossings at the receiving end of the cable. The 
crossings near. the distant, sending end are unimportant 
from the standpoint of crossfire, since the signal level in 
that section of the cable is very high. On many cables, 
as compared with the installation on 7PZ, such a require- 
ment can be fulfilled only by installation in deeper water 
and at greater distances from the receiving terminal. 

The cables suited to application of repeaters are of various 
lengths and types so that there is a relatively wide di- 
vergence in transmission characteristics among individual 
cables. For this reason, repeater design cannot be 
standardized in all respects. For example, the optimum 
signaling speed of an individual cable depends upon the 
cable characteristics and the terminal disturbance level, 
and the design of the repeater network must be carefully 
predetermined for the chosen speed since there is no 
opportunity for readjustments once the repeater is installed. 

There is no experience upon which to base predictions 
of repeater life. It can be expected confidently that longer 
life will be realized as designs are refined and improved 
components become available. In any case, aside from 
the cost of manufacturing a repeater, the cost of an installa- 
tion is little more than the cost of a routine cable repair 
operation. It appears, therefore, that while an ultimate 
life of 5 to 10 years or more is desirable and can probably 
be achieved, the increase in signaling speed is large enough 
to support renewals at intervals of two years or less. 
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Graphical Synthesis of Networks for A-C Servos 


G. A. BJORNSON 


ASSOQIATE ATIEE 


‘HE PERFORMANCE of a servomechanism is often 
improved by modifying the data signal with compensa- 
| networks. For a-c servomechanisms, a-c (sometimes 
ned carrier-frequency) compensation networks are 
jloyed which modify only the modulation, because the 
4 appear as modulation on a carrier. To determine 
effect on the data signal of such an a-c compensation 
work, let us examine the action of the 2-phase motor 
| demodulator. y 

he demodulated output of the 2-phase motor, the 
jue, is proportional to the modulation of the com- 
ent of control-winding voltage in quadrature with the 
itation winding voltage. This component of control- 
ding voltage is in phase with the modulator reference, 
the excitation-winding voltage is adjusted to be in 
drature with the modulator reference, and hence is 
ned the direct component. The transfer function 
ting the modulation of the direct component to the 
a signal is designated as G,(jw,,); while the transfer 
ction relating the modulation of the component in 
\drature with the modulator reference to the data signal 
lesignated as G,(jw,,). Except for secondary factors, 
lected in this discussion, G,(jw,,) represents the effect 
m the data signal of the a-c compensation network, 
le G,(jw,,) shows the amount of unwanted quadrature 
yponent. 

t us synthesize an a-c compensation network, with 
asfer function designated as D( jw), which will produce 
same effect upon the data signal as a given d-c (or 
a-frequency) compensation network, with transfer 
ction designated as G’(jw,,). (Note that w,, is the data, 
modulation, frequency; w the frequency of the a-c 
ye being transmitted through the a-c network, and 
the carrier frequency.) ‘To produce zero quadrature 
ponent, the function D(jw) should be symmetric about 
carrier frequency wo, as shown by the dotted D(jw) 
ves, and the transfer function of the modulation of 
direct component G,,{ jw,,) that it produces should be 
al to G’(jw,,). This cannot be achieved exactly, yet 
y be approximated closely by replacing each (jw,,) in 
j@,,) by the expression (1/2 jw) [(yw)?+-wo*] in order 
orm the transfer function D(jw) which is shown by the 
d curves. 

‘o determine the exact effect of the a-c compensation 
work D(jw) thus formed, evaluate G, and G;, as follows. 
d the plots of D(jw) about the w) axis, with the lower 
-band phase curve inverted, and shift them to the 
a distance wo, forming G*(jw,,) the upper side band, 
_G*-(jw,,) the conjugate of the lower side band, as 
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shown. Alternatively, Gt and G*~ need not be computed, 
but can be obtained directly as shown by shifting points 
on G’ positively and negatively, respectively, the frequency 
interval: Aw,= Va ?+w,2—w, where w 4, 1S a specific 
data frequency. (This shift is facilitated by the use of 


templates.) G, and G, then can be obtained from the 
relations 


Ga=(/2)(G*-+G*); Gy=(/ej)(G*-— G*) 


Carrier drift, often a basic limitation in the use of a-c 
compensation networks, may be analyzed as follows. For 


~ 
~S 


MAGNITUDE 


Determination of G*~(jwm) and G+(j,) from the a-c 
function D(jw) 


Figure 1, 


a negative drift of the carrier to the frequency (wo— Aw), 
shift the plot of G*~ negatively and that of G* positively 
by the frequency interval of drift, Aw. Reverse, for a 
positive drift. 

If the effect of D(jw) is not adequate, other a-c networks 
may be developed by employing the more general sub- 
stitution: jw,,— (1/27) [(jw)?+(reo?)], using if desired 
different values for (r) for each factor of G’. A factor of 
D thus formed will be balanced about the frequency 
(rw) rather than (wo). To plot the corresponding G*— 
and G*+-functions, assume the carrier shifts temporarily to 
the frequency (r#o), and employ the templates, indexing 
them at this new carrier frequency. Then allow the 
carrier to shift back to its normal value (wo), accounting 
for this by shifting G*- negatively and G* positively the 
same frequency interval: Awo=(rw»—o). With this more 
general substitution, a factor (iw,,+«) of G’ becomes 
(1/2jw) [(jw)?+20;(jo) + (reo)?]. Thus, a perfectly general 
quadratic factor is formed. Hence, the side-band plots of 
any a-c compensation function D composed of quadratic 
factors can be obtained simply by reversing this sub- 
stitution. Each factor of D becomes a single-order factor 
of G’, which is shifted by the appropriate amounts to obtain 
G+ and G*-. 
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Absorption Studies on High-Voltage Machines 


WILLIAM SCHNEIDER 


MEMBER AIEE 


Le CONJUNCTION with basic studies of a-c and d-c 
test methods to evaluate the conditions of machine 
insulations, a number of dielectric absorption tests were 
made on new high-voltage stator windings using d-c test 
voltages ranging from 5,000 to 40,000 volts. A total of 78 
machines rating from 15,000 to 135,000 kva were tested. 
Because the application of high-potential d-c test voltages 
is necessarily limited to machines whose insulation is 
capable of withstanding such voltages without damaging 
effects, the voltage class of all of the machines tested was in 
the range of 11.0 to 14.4kv. The insulation was essentially 
the same for the entire group of machines consisting of 
multiple layers of continuously applied mica tape. 

The data obtained are grouped according to test voltage 
and then analyzed statistically. Frequency distribution 
curves are plotted before and after corrections for machine 
size and atmospheric moisture are applied. It is shown 
that corrections for moisture and machine size increase 
the central tendency of the data, indicating that the 
corrections are valid and of the proper magnitude. 

Dielectric absorption data show that the absorption 
time is generally shorter at the higher test voltages than at 
the standard 500- or 1,000-volt test although no appreciable 
difference in absorption time is noticeable between the 
5-, 10-, 15-, and 20-kv tests. ‘There is also definite indica- 
tion that the insulation resistance for essentially dry wind- 
ings is generally greater at the higher test voltages than the 
500-volt insulation resistance. For normal and slightly 
moist windings the insulation resistance is generally lower 
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Figure 1. Dielectric 
absorption curves of 
31,250-kva turbine 
generator. Polari- 
zation index at 500 
volts equals 2.94 


INSULATION RESISTANCE— MEGOHMS 


TIME— MINUTES 


at the higher voltages than the 500-volt insulation re- 
sistance. ‘Typical dielectric absorption curves showing the 
effect of moisture on insulation resistance are shown in 
Figures 1 and 2. ; 

Figure 1 represents an essentially dry winding while 
Figure 2 may be considered normal for a new winding 
exposed to atmospheric conditions in the shop. 
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Schneider—Absorption Studies on High- Voltage Machines 


Corrections for machine size are made on a unit volut 
basis. Thus, all insulation resistance values are express 
in megohm inches as determined from the effective ar 
and thickness design data of the insulation neglecting t 
end windings. 

Corrections for temperature and humidity are referr 


Figure 2. Dieleet 
absorption curve 
35,294-kva_ turbi 
generator. Polari 
tion index at 
volts equals 2.0: 


INSULATION RESISTANCE — MEGOHMS 


TIME— MINUTES 


to standard conditions of 70 degrees Fahrenheit 
50-per cent relative humidity. This reference point 
chosen to reduce the possibility of error, because me 
of the data were obtained at or near this temperatu 
No attempt was made previously to apply correcti 
factors for atmospheric humidity on insulation resistz n 
of a-c windings. In attempting to apply a correction i 
the effect of atmospheric moisture on insulation resistan 
the total moisture content of the air at the time of t 
should be taken into consideration. The corrected insu 
tion resistance is the measured resistance multiplied f 
the ratio of the vapor pressure at test conditions to the vay 
pressure at standard conditions. The validity of — 
correction factor is demonstrated by the reduction in # 
standard deviation with an increase in central tendency 
the frequency distribution data. 

It is apparent that the primary advantage of 
voltage d-c insulation resistance tests is that the measur 
ments are obtained under electrical stress conditions whi 
are equivalent to the stresses encountered during machi 
operation. It may be possible under these stress conditic 
to detect the location of insulation weaknesses and | 
resistance creepage paths which could not be detected wi 
a 500- or 1,000-volt megger. 
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J40-960-Megacycle Communications 
Equipment for Industrial Applications 


Fi, Bs. GUNTER 


MEMBER ATEE 


ISCUSSIONS on the 
ee, 

the technical details, 
_the application of micro- 
7é communications equip- 
it have been presented 
viously.1—§ A study of the 
smatics for these equip- 
ats makes it obvious that 
rowave equipment is made 
of arrangements of parts which differ widely from those 
mally encountered in electronic equipment for indus- 
l applications. The purpose of this article is to show 
y this difference exists. For example, a microwave re- 
er may need 20 or more tubes and a power-line carrier 
siver may require only one tube. 


FREQUENCY 


WWE MOST OBVIOUS difference is in the frequency at which 
the equipment operates. Generally speaking, fre- 
mcies of about 1,000 megacycles and higher are con- 
red microwave frequencies. Certain bands of fre- 
ncies have been set aside by the Federal Communica- 
is Commission for fixed station operation for industrial 
lications, These bands are shown in Table I. 

‘he choice of frequency band is dependent on many fac- 
. Among these are availability of components, propa- 
on characteristics, number of signals to be transmitted, 
type of modulation. The design of the equipment de- 
ds to a large degree on the band chosen. ~ 

the Westinghouse type FB equipment will operate in the 
—960-megacycle industrial band. Some of the reasons 
7 this band was chosen are: 


There is adequate spectrum for the services contem- 
ed. 
. The use of many conventional circuits is permitted, 
ng lower initial cost and cheaper maintenance costs. 

Availability of suitable components at low cost. 
. Better propagation characteristics. 

Simpler installations since equipment may be located 
sors in convenient positions and connections made to 
snna with low-cost conductors. 


- FREQUENCY CONTROL 


IS DESIRABLE for spectrum economy and mandatory 
yecause of governmental regulations that the center or 
ier frequency of most radio communications systems be 
F constant within very narrow limits. These limits 
ally are specified as a percentage of center frequency 
are met in low-frequency equipment by using crystals 
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Microwave equipment uses the same kinds of or 
parts applied in the same general manner as in 
low-frequency equipment. However, because 
of the wide frequency spectrum available, 
realizable antenna gains, propagation character- 
istics, and economic considerations, microwave 
equipment is widely different from low-fre- 
quency equipment in design and application. 
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inductance-capacitance 
circuits whose electrical con- 
stants do not vary appreciably 
with temperature, voltage, or 
loading. 

As frequency goes higher 
with crystal oscillators, the 
point is reached where crystals 
cannot operate at transmitter 
output frequencies and mul- 
tiplier stages must be added after the crystal oscillator to 
get the desired output frequency. The multiplier stages 
have the disadvantage that they multiply the error in center 
frequency and also give undesired frequencies which may 
interfere with other services. 

As frequency goes higher with ordinary inductance- 
capacitance circuits, the circuit elements get so small 
that the changes due to thermal expansion alone are often 
sufficient to cause excessive drift in carrier frequencies. It 


Table I. Frequencies for Fixed Industrial Stations 

Band, Bandwidth 
Megacycles Megacycles Per Cent 
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is necessary to make these elements of materials having high 
dimensional stability or to go to elaborate circuits to com- 
pensate for the variations. 

When the carrier frequency of a communications trans- 
mitter and the local oscillator of a communications receiver 
vary, there are two ill effects. First, fewer channels can be 
placed in a given bandwidth, and second, the acceptance 
band of the receiver must be greater, permitting additional 
noise to be received. To illustrate this point at several fre- 
quencies, Table II was prepared assuming amplitude 
modulation with maximum modulating frequency of 3 ke, 
transmitter and receiver local oscillators each with a fre- 
quency stability of 0.005 per cent, and noise of constant 
amplitude at all frequencies. 

Table II demonstrates that even with relatively good 
frequency control the amount of spectrum used up due to 


Full text of paper 51-144, “940-960-Megacycle Communications Equipment for Indus- 
trial Applications,” recommended by the AIEE Committee on Carrier Current and 
approved by the AIEE Technical Program Committee for presentation at the AIEE 
Southern District Meeting, Miami Beach, Fla., April 11-13, 1951. Scheduled for 
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Table I. Frequency Spectrum With One Signal 


Transmission Receiver Relative 
Frequency, Bandwidth Required, Bandwidth Required, Receiver 
Megacycles Kilocycles Kilocycles Noise Voltage 
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variations in transmitter center frequency gets very large 
with respect to that required for intelligence transmission 
and further that the wide receiver bandwidths, necessary 
to make allowance for these variations, permit excessive 
noise to be accepted. The poor use of the spectrum illus- 
trated in Table II for single-channel amplitude modulation 
is one of the reasons why single-channel microwave equip- 
ments are seldom used. If several communications circuits 
are multiplexed and this composite signal used to modulate 
one microwave carrier, much better use is made of the 
spectrum. This can be demonstrated by the example of 
Table III based on multiplexing four signals (on an ampli- 
tude-modulation basis with 2-kc guard bands) and using 
the same oscillator stability as in Table IT. 


Table Ill. Frequency Spectrum When Using Four Signals 


Multiplexed 
Transmission Receiver Receiver 
Bandwidth Bandwidth Bandwidth 
Frequency, for Four Signals, for Four Signals, Per Signal, 
Megacycles Kilocycles Kilocycles Kilocycles 
0.1 27.005 27.01 6.752 
1.0 27.05 iis LO wsarnbarsieeyeig sate 6.775 
GRY elas stesvavelel be sts Yael ih tee tr yA area BO OG rereastet ate ciate 7.50 
UE UE Seapsneiche ace SU ve 3c ates SOneeTs 9 CPOE US ear SA rns 10.50 
Diy CO) Mira pistalalstelwraleisia a> HES Bho. + OD ROL ONAOe VAT OO Fass sein isto 31.75 
2,000 E27 LOPS MterctNe vaste siriorare 227.00.. 56.75 
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An analysis of the receiver bandwidth per signal given in 
the last column of Table III leads to the conclusion that 
very close frequency control is desirable if the microwave 
spectrum is to be used efficiently. It is obvious from Table 


I, however, that at the higher frequency bands there is 
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Figure 1. Block diagram of complete ultrahigh-frequency transmitting system 


Gunter—940-960-Megacycle Communications Equipment 


enough spectrum available to allow for bandwidths per si 
nal which would be prohibitive at lower frequencies. 

In the design of the type FB microwave equipment, cry 
tal control was supplied for both transmitter center-ft 
quency control and receiver local-oscillator control, 
receiver crystal operates at about 28 megacycles and 
followed by multiplier stages particularly designed to mit 
mize the production of spurious signals. The transmitt 
crystal operates at about six megacycles. This low f 
quency was necessary because of the type of modulati¢ 
To minimize spurious signals, all multiplier stages in t 
transmitter up to 160 megacycles were made push-p 
triplers which have practically no even-order harmon: 
At the higher frequencies, the multiplier stages we 
shielded to reduce spurious output. 

The variations in transmitter output and receiver loc 
oscillator frequencies for a 50-degree variation in ambie 
temperature are each +15 kc, giving a total increase in1 
ceiver bandwidth to make allowance for frequency va 
ation of approximately +30 kilocycles or 0.003 per cé 
of center frequency. 


METHOD OF MODULATION 


A HAS BEEN shown, the use of amplitude modulati 
with realizable frequency stabilities results in pe 
usage of the spectrum and results in reduced signal-to-no 
ratios. Frequency modulation, pulse-time modulatic 
pulse-code modulation, and other systems which give bet 
signal-to-noise ratios at the expense of a not too g 
percentage increase in bandwidth required per chant 
normally are used in microwave equipments. The genel 
type of modulation used in a frequency band is determir 
by available components, techniques, and bandwidth 
well as economic considerations. ' 

In present-day microwave systems, phase and frequen 
modulation are usually used when the number of sigt 
channels to be transmitted over a single microwave equ! 
ment is less than ten. This is true whether the signal is a 
kc-wide voice-frequency circuit or a 4-megacycle-wit 
television circuit. When the number of channels 
greater than ten, pulse-type systems usually are used. 

In selecting the type of modulation to be used on the ty 
FB equipment, it was decided that a maximum of seve 
voice-frequency channels would m 
most of the industrial applications 
which it was intended. Crystal e¢ 
trol was desirable for the reas¢ 
outlined previously. An analysis 
methods for obtaining suitable mod 
lation with crystal control led to t 
conclusion that phase modulating 
low-frequency crystal output 
multiplying its deviation to obt 
the desired deviation in the tra 
mitter output would be the simp 
and most foolproof system. 

Phase modulation has the char 
teristic, however, that the amo 
of deviation is directly proportio 
to the frequency of the modulati 
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ire 2. Schematic 
gram of push-pull 
ler stage used in 
rowave transmitter 
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nal. At first, it would appear that this is desirable 
ce it gives a constant deviation ratio and improve- 
nt in signal-to-noise ratio for all modulating fre- 
encies. An analysis of the characteristics of the noise 
ountered in an operating system, however, indicates 
it low-frequency noise predominates and that the same 
nal-to-noise ratios can be obtained at high modulating 
quencies with a greatly decreased deviation ratio. 
Accordingly, it was decided to modulate the transmitter 
h a signal whose amplitude was inversely proportional to 
quency to give essentially constant deviation at all 
dulating frequencies. Thus, the equivalent of fre- 
ency modulation has been obtained indirectly without 
: excessive cost of center-frequency stabilization required 
direct frequency modulation and at the same time a 
jor saving in bandwidth over phase modulation has 
2n made. 
To minimize crosstalk and intermodulation in the sev- 
il signals to be transmitted, it is necessary that the dis- 
tion introduced by modulation be very low. Usually, 
riable reactance circuits are used in phase modulators, 
d very accurate tuning of the reactance circuit is required 
obtain very low distortion with most such circuits. The 
ase modulator used in the type FB equipment is a vari- 
le conductance type which is not highly critical in adjust- 
mt for distortion percentages less than one per cent. 
is phase modulator uses a triode tube and shifts the phase 
the current in a plate tank circuit which is common to the 
dulator and a buffer amplifier which is driven by 
‘crystal oscillator. The complete ultrahigh-frequency 
nsmitter is shown in block diagram in Figure 1 with 
- tube types indicated. 


FREQUENCY MULTIPLICATION 


$ INDICATED, it is not possible to get oscillator crystals 
\ which will operate at frequencies in the microwave 
‘ctrum. If crystal control is used in a microwave trans- 
tter, it is necessary to multiply the output of the crystal 
illator to get the desired output frequency. Also, if 
tortion is to be kept at a minimum in a phase modulator, 
- range of phase deviation in the modulator must be kept 
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17.406 -(7.778 MC 
TO NEXT STAGE 


small, necessitating several subsequent multiplier stages if a 
reasonable deviation ratio is to be obtained in the output 
signal. 

In the type FB equipment, the transmitter crystal 
frequency of approximately six megacycles is determined by 
the low-distortion requirements and the required deviation 
ratio. Tests proved that (1) within the allowable distortion 
limits a frequency deviation of about 200 cycles was the 
maximum permissible, and that (2) an output deviation of 
approximately 35 kc was required for the desired signal-to- 
noise ratio. ‘These two factors determine that a multiplica- 
tion of about 160 times is required in the transmitter. 

Multiplication increases the possibility of spurious radi- 
ation and increases the error in crystal frequency. To 
minimize spurious radiation, push-pull tripler stages similar 
to those of Figure 2 were used wherever possible in the 
transmitter. This gave a multiple advantage. First, 
even-order harmonics are cancelled out by the push-pull 
action of the tube. Second, the operating frequencies of 
successive stages are separated enough so that circuit con- 
stants can be selected to obviate the possibility of tuning to 
the wrong harmonic. ‘Third, the use of push-pull circuits 
with a small amount of positive feedback enables tubes of 
low rating to operate at high efficiency. 

Three tripler stages and a buffer amplifier of conventional 
design give a multiplication of 27 times to arrive at a fre- 
quency of approximately 160 megacycles, as shown in 
Figure 1; at frequencies much higher than this, conven- 
tional circuits have low efficiency and generally are not 
used. The two final multiplier stages of the transmitter 
use re-entrant coaxial circuits as tuned elements and utilize 
tubes that have very low interelectrode spacing and capac- 
ity and a mechanical configuration which permits con- 
venient application to coaxial tank circuits. The first of 
these tubes is a tripler stage having an output frequency of 
approximately 480 megacycles, and the second of these 
tubes is a doubler stage having an output in the 940-to- 
960-megacycle band. 

The mechanical construction and a roughly equivalent 
schematic circuit for the last two stages of the transmitter is 
shown in Figure 3. Tubes, circuit constants, and operating 
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Figure 3. Outline and equivalent schematic for driver and output 
stages of microwave transmitter 


voltages were selected to give five watts’ output. Provision 
was made, however, in the design to permit operation at 15 
watts’ output where desirable. 


ROSSBAR FOR TUNING 


PROPAGATION AND ANTENNAS V-l INPUT CIRCUIT 


T MICROWAVE frequencies, transmission usually is 
limited to line-of-sight paths. With unity-gain an- 
tennas, the transmission losses even with line-of-sight paths 
are very high and would require very high-power trans- 
mitters to get even short-range operation. It is possible to 
get economical transmission over reasonably long distances 
because of two factors. Because of the short wavelength, 
it is possible to build relatively small antennas having high 
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er gain since the gain of an antenna is proportional to 
ratio of its area to the square of the operating wave- 
th. The use of such high-gain antennas, both for 
smitting and receiving, effectively increases the power 
ut of the transmitter. Also, at microwave frequencies 
€ is practically no man-made or natural static; this 
les satisfactory signal-to-noise ratios to be obtained at 
al levels much lower than is practical at lower frequen- 


ormulas showing the relation between free-space path 
and antenna gain are given in other papers.*® It can 
hown that increasing the size of antennas used decreases 
apparent path loss between communications terminals. 
lowever, if the path loss, even with relatively large an- 
jas, is compared with the loss experienced over com- 
able distances with power-line carrier, it is seen that 
e is a very great difference. A simple example will 
trate this. 

. 960-megacycle microwave system operating over a 20- 
> path with 3'/,-foot-diameter antennas will have a 
] path and coupling loss of about 100 decibels. A 
er-line carrier system operating over a 20-mile-long 
ismission line will have a total path and coupling loss of 
order of 20 decibels. Ifthe noise voltage level at the in- 
of the receiver were the same in each case, the microwave 
ismitter output would have to be 80 decibels or 10,000 
es as great to give the same signal-to-noise ratio at the 
at to the receiver. Actually, there is little noise at 
rowave frequencies and the limiting noise is usually that 
erated in the microwave receiver itself. This enables 
ration of microwave equipment. over considerable dis- 
ces with transmitter power outputs which are of the same 
er as power-line carrier transmitter outputs. It does 
in, however, that the gain of microwave receivers has to 
many times as great as that of carrier receivers with a 
iltant increase in complexity and number of tubes. 

‘he type FB microwave equipment is designed to operate 
1 a path loss between transmitter output circuit and re- 
fer input circuit of up to 125 decibels. A wide range of 
s of antennas and types of coaxial cables for intercon- 
tion with the equipment is available so that the most 
nomical installation can be worked out. 


RECEIVER NOISE CONSIDERATIONS 


T MICROWAVE FREQUENCIES the predominant noise is 
. that generated in the receiver itself. Most of this re- 
er noise is generated in the first high-gain stage of the 
‘iver. It is important, therefore, to give serious study to 
design of these stages. Amplifiers operating at micro- 
re frequencies usually have poor noise characteristics, 
sing it desirable to convert the microwave signal to a 
er frequency by means of a low noise converter and then 
se amplifiers having better noise characteristics to do the 
plification. A synthetic crystal diode is usually used as a 
er in the input circuits of microwave receivers to convert 
microwave frequency to a much lower frequency. 

n the type FB microwave receiver, a type 71N25 crystal 
ing low noise figure and good overload characteristics 1s 
das a mixer. This crystal, which is housed in a car- 
ge, is fed a signal from the receiver antenna and from a 
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crystal-controlled local-oscillator multiplier chain, as shown 
in Figure 5. This local-oscillator signal, which is about 67 
megacycles higher in frequency then the incoming signal 
from the antenna, is mixed with that signal in the crystal 
detector. The output from this mixer contains the input 
frequencies, sums and differences of the input frequencies, 
and harmonics of the input frequencies. A tuned amplifier, 
indicated as the high-intermediate-frequency amplifier on 
Figure 5, amplifies the difference frequency which is about 
67 megacycles. 

The first two stages of the high-intermediate-frequency 
amplifier are connected in a circuit which has the low noise 
characteristic of a triode and the high gain characteristic of 
a pentode tube.® These two stages effectively act as the 
first high-gain stage of the receiver and their low noise 
figure gives the entire receiver a low noise output. 


RECEIVER SPURIOUS RESPONSE 


ee A crystal or other mixer having a very wide fre- 
quency response is used in the input circuits of most 
microwave receivers, there is danger of undesired signals 
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being accepted by the receiver and producing interference 
or unsatisfactory operation by saturating the input circuits 
so that the desired signal is not received. 

In the type FB receiver a tunable-cavity-type preselector 
is used in front of the mixer crystal. This preselector, the 
last multiplier stage of the local-oscillator multiplier chain, 
and the crystal mixer are shown schematically in Figure 6. 
The upper portion of Figure 6 enclosed in the heavy lines 
represents the preselector. The lower portion is the multi- 
plier stage of the local-oscillator source. ‘The incoming and 
local-oscillator signal are fed by L-4 to the crystal mixer. 


or 


To give increased protection against the likelihood of unde- 
sired signal at frequencies higher than the desired one get- 
ting through to the mixer, an additional low-pass filter 
comprising C-7, L-6, and C-4 is included in the circuit to the 
mixer. Laboratory tests on type FB receivers show that 
rejection of spurious signals is greater than 70 decibels. 


RECEIVER GAIN 


«fae HIGH PATH attenuation and low noise at microwave 
frequencies make it possible to operate with satisfactory 
signal-to-noise ratios with very low input signals. _ In order 
to get maximum range, these very low input signals must be 
amplified to a usable level and thus the intermediate-fre- 
quency amplifiers of microwave receivers must have very 
high gain. In the design of amplifier for microwave re- 
ceivers using pulse or other wide-band modulation, it is not 
possible to realize a large gain per stage for two reasons. 
First, the gain per stage must be kept low enough to prevent 
oscillation due to feedback through tube interelectrode 
capacity. Second, for a given tube type and circuit, the 
product of gain and bandwidth is a constant. For a 6AK5 
tube, this gain bandwidth product is approximately 62 
megacycles per second, which means that for a bandwidth of 
six megacycles a gain per stage of only ten could be realized. 
In any tube, the gain bandwidth product is given by Gm/ 
2aC, where C' is the sum of input and output capacity of the 
tube and stray capacity of the circuit. 

In the type FB microwave receiver, a total gain of 90 
decibels in the high-intermediate-frequency amplifier and 
70 decibels in the low-intermediate-frequency amplifier is 
obtained. ‘The 67-megacycle strip has a bandwidth of 1.2 
megacycles and the 10.7-megacycle strip has a bandwidth 
of 0.3 megacycle. 

In the design of such high-gain amplifiers extreme cau- 
tion has to be taken to provide safeguards against oscillation. 
Lead lengths must be kept to an absolute minimum. The 
importance of this is illustrated by the fact that a 1-inch 
length of Number 20 wire has a reactance of eight ohms at 
60 megacycles. In the type FB receiver each intermediate- 
frequency amplifier uses a separate subchassis designed to 
keep lead lengths down and to act as a section of waveguide 
operating below cutoff frequency in order to attenuate feed- 
back which is actually radiated from one circuit to another 
in the amplifier. 


RECEIVER INPUT VARIATIONS 


12 MICROWAVE SysTEMs there usually are relatively wide 
variations in receiver input levels due to differences in 
path lengths, multipath transmission, and other causes, 
In practically all systems, some device is used to keep the 
input to the detector of the receiver essentially constant. 
On frequency-modulated receivers, these amplitude vari- 


ations could be eliminated completely without any loss of 


intelligence and, in fact, should be eliminated for low- 
distortion output from discriminators and other frequency 
detectors. These amplitude variations are removed in 
frequency-modulated receivers by a limiter. This limiter 
can be either one or two stages, with the 2-stage type 
usually preferred. 

In the type FB receiver, a 2-stage limiter is used. The 
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first limiter stage utilizes 734 crystals and the second i 
grid-bias type having a very short time constant to enable 
to remove the very-high-frequency amplitude modulati 
caused by adjacent channel signals. 


DETECTORS 


HE TYPE OF detector used in a microwave system ¢ 

A ee of course, on the type of modulation us¢ 
Generally speaking, however, the much greater sig 
bandwidth used and the necessity for eliminating harmor 
products and intermodulation of the multiplicity of sign 
which may be transmitted over a single channel deme 
very great care in the design of detectors. System dist 
tions of the order of four or five per cent which are ordinar 
acceptable with low-frequency-equipment would cat 
prohibitive intermodulation and crosstalk on many mic 
wave equipments. Pulse-time, pulse-width, and pulse-ce 
modulation schemes are completely different in philosop 
to the schemes normally used in low-frequency equipme 
and therefore require completely different types of detecte 
In the type FB receiver, the incoming signal is of the fi 
quency-modulation type. The frequency detector is ¢ 
signed to have excellent linearity out to +400 ke over w 
variations in temperature. The distortion in a comph 
system consisting of a type FB transmitter and a type | 
receiver is less than one per cent. 
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Electronic Iron Cores Standardizec¢ 


All types of electronic cores made from iron powder ai 
commonly in use by the radio and television industry ha 
been listed in a new standard released by the Metal Powd 
Association. The standard was prepared by the Electror 
Core Subcommittee of the Metal Powder Associatit 
Standards Committee to meet a need long felt in indust 
for standardization of the dimensions and tolerances 
electronic cores. The standard, designated 77-57T, defin 
the terms commonly associated with electronic cores mai 
from powdered magnetic materials and specifies the p 
ferred dimensions of standard sizes and shapes. Preferr 
dimensions are listed in detail for plain iron cores, inst 
iron cores, threaded iron cores, tuning cores, and sle¢ 
iron cores. Data are provided also for concentricity, scre’ 
driver slot dimensions, and hexagonal hole sizes as well 
threaded-spring type and spaded-insert sizes, 
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eA NNED execution of a practical test pro- 
gram results in a maximum of equipment-operating 
ficiency through utilization of a minimum of test man 
wer, equipment, and expense. The objective is to 
termine the extent of insulation deterioration and then 
ke remedial measures against failure of the equipment. 
A successful program must employ test equipment versa- 
e in application, with a wide range of current voltage 
ilues, and instrumentation with sensitivities from a few 
icroamperes to an ampere. Ranges of 500 to 10,000 
lis are satisfactory for a-c and d-c testing. A-c test 
juipment is used for the majority of testing; d-c test 
juipment has been supplemented by an amplifier recorder 
hich reduces dielectric-absorption testing time by 43 per 
nt. 
Test equipment must be mobile, comfortable for the 
erator to use, and have all-around visibility. Accurate 
sults should be secured in a minimum of time. 
The Pennsylvania Power and Light Company has been 
ing a test program for 17 years. Equipment failures 
vused by deteriorated insulation have been largely elimi- 
ated, and equipment on the verge of failure has been reha- 
ditated and put back into service. 
To establish criteria for classifying the condition of 
sulation, it has been necessary to accumulate data over an 
ctensive period of time. Comparison of the results of 
any tests on identical or similar apparatus is used to detect 
sterioration. In addition, the establishment of base lines 
as been facilitated by the pooling of data from a large 
umber of power companies that have similar test programs. 
Common sense and a willingness to take responsibility on 
le part of the insulation test engineer are necessary to the 
-ogram’s success, for much depends upon the personnel 
ho carry on insulation testing. Because the test engineer 
valyzes results and makes remedial recommendations on 
1e spot at the time of tests, firmness concerning curative 
easures, intelligence, and technical education are some of 
¢ requirements for a test engineer. He must have a 
jorough knowledge, theoretical and practical, of insulation 
shavior in relationship to temperature, structure, com- 
sition, voltage, and frequency. 


DISCUSSION 
HAVE BEEN arguments for and against the worth of 
both the a-c and d-c tests. It is not the intent of this 
ticle to prove the merits of either, but to show what has 
sen done with an inclusive test program. 
Since the economics of the program was based upon 
lvage-rehabilitate, careful records were maintained on 
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savings resulting from the program. ‘These data are given 
in Figure 1. During the interim of World War II, had it 
not been for the ability to recondition insulation and con- 
trol the results, the company would have been in a serious 
position. It has been said that combined like programs 
among the respective utility groups resulted in a net saving, 
from 1941 to 1945, of $60,000,000 to $75,000,000 in strategic 
equipment. 

A large number of instrument transformers were found 
defective; this is typical of dry-type insulation where voids 


SAVING VALUE 
THOUSANDS OF DOLLARS 
ow 
° 
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Figure 1. Savings made by rehabilitation of bushings 


are readily created and air is trapped in high electrical 
stress areas. Power transformer defects increased percep- 
tibly in 1949. Many of these transformers were old, due 
for inspection and overhaul, and had been worked higher 
than rated during the strategic materials shortage. 


CONCLUSIONS 


a Pie METHODS and test equipment described for deter- 
mining apparatus fitness for service insures a quality 
which is satisfactory and results in an economy that cannot 
be treated lightly. 

The simplicity of operation, uniformity of presentation of 
data, and speed of testing and analyzing results are essential 
requisites, considering the high cost of equipment outage 
today. These factors make it most desirable for accuracy 
and for production testing in the field. 

Failure_rates in excess of four per 1,000 bushings are 
indicative of something being wrong either with personnel, 
criteria, schedule, or reluctance to carry out remedial 
measures. Interruptions caused by failure of deteriorated 
bushings are no longer excusable. 

A careful evaluation of failures is essential to learning the 
facts concerning the cause of field failures. 

The personnel are a very important part in the efficacy 
obtained using like equipment. 

Transportation must be comfortable, fast, and have all- 
around visibility and excellent interior lighting to insure 
precise instrumentation. 

Results of tests must be analyzed immediately, and any 
corrective measures required should be instituted at once. 
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Transmission Matrix Stability Criterion 
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MONG THE methods for predetermining the stability 

of networks—that is, whether or not self-sustained 
oscillations may exist—the Barkhausen and Nyquist 
criteria often are applied to those configurations employing 
electron-tube amplifiers for which a principal closed trans- 
mission loop may be delineated. In these networks the 
concept of “retroaction” or feedback is useful, since this 
provides a mental picture of a signal progressing uni- 
directionally through the electron tube, the feedback 
network, back to the tube input, and so on. It also leads 
to a simple scheme for computing the ratio (often denoted 
by u8) of output to input voltage for the open transmission 
loop, upon which the stability of the network apparently 


Figure 1. Symbolic representation of a transmission loop opened at an arbitrary node pair 


rests. 
transmitting networks, and the determination of »@ must 
be made, in effect, with the transmission loop cut at zero 
admittance grid-cathode terminals of an electron tube. 

A more general criterion for stability of a closed trans- 
mission network is given by the expression 


However, these criteria are limited to unilaterally 


A(A) =au9 ax — |a9| -1=0 (1) 


Equation 1 may be called the generalized transmission 
matrix stability criterion. It represents the sum of the 
terms on the principal diagonal of the over-all open-loop 
transmission matrix [a°], minus the determinant | a°| of 
the same matrix, minus 1. In general, since [a°] is a func- 
tion of the complex frequency \ = o + jw, it follows that 
the generalized criterion A(A) is also a function of }. 
Furthermore, the network will oscillate spontaneously upon 
closing the transmission loop for those complex frequencies 
which are roots of equation 1 and have positive real parts. 

The criterion is derived from the over-all transmission 
matrix [a°] of the network, which may be represented 
symbolically by Figure 1, and in which the feedback loop 
has been opened at an arbitrary point. The associated 
over-all transmission matrix equation for the network is 


E, im i 
Hee OF ol ae rr] [=r | | oe 


in which the [a‘] may contain linear electronic or electro- 
mechanical amplifiers or other linear circuit elements. 
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The transmission matrices are defined in the usual way 
for example, [a!] relates terminal variables for the firs 
network in the loop by the scheme 


EF, |_| au | Ey | 
i ss ax! app! 6) 
with polarities defined as shown in Figure 1. 


Now it is clear that the network will be on the threshole 
of instability after the transmission loop is closed, if 


ae a 


for the open loop. That is, if the complete signal is trans 


Ps 


mitted through the entire loop with zero gain or loss, an¢ 
zero phase shift. 

‘Substitution of equation 4 into equation 2 then yield 
the generalized criterion, equation 1. 

If the transmission loop is cut at the zero-admittan 
grid-cathode of an electron tube, which is a unilateral 
amplifier, then the criterion given by equation 1 reduces 
to 
ayn°—1=0 : ( ) 


This is equivalent to the Nyquist criterion 


uB—1=0 


An analogous criterion applicable to a transmission looy 
cut at the zero impedance control element of a unilatera 
amplifier is 


ax2®—1=0 (€ 


The generalized criterion given by equation 1, on the 
other hand, applies to transmission networks with uni 
lateral or with bilateral transmission properties, and thi 
transmission loop for which the matrix coefficients aré 
computed may be cut at any desired point at will withou 
regard to impedances in either direction from the cut 
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The Renaissance in Electrical 
Education 
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HE ENGINEERING 

method calls for the 

collection of all avail- 
ble data on a subject and 
1e drawing of logical con- 
fusions therefrom. When 
uis method is applied toa 
uudy of the electronic material 
hich is taught in electrical engineering education, one 
mmediately finds that there are no facts, only opinions, 
situation such as one frequently meets in a problem in 
1€ social sciences. However, there are certain helpful 
murces of information which can be drawn upon; namely, 
ast history and experience. This area is one which our 
resent-day social scientists seem eager to overlook in 
udies in their own field. Certainly if experience is of 
alue to a practicing engineer, it also should be of value 
) a practicing teacher. Just as the practicing engineer 
lay know intuitively that the decimal point is in the 
orrect place for a particular design, so too should the 
sacher use experience to avoid repetition of past errors 
nd difficulties. It is fitting that we choose the present 
1oment to look at past experience in electrical engineering 
saching, since we are now approximately at the golden 
mniversary point in formal college education in electrical 
ngineering, the first degrees having been granted in 
ppreciable numbers in this country around the turn of 
ae century. 


ANALYSIS OF BASIC KNOWLEDGE 


;¥ROM AN EXTREMELY fundamental viewpoint, it probably 
4 can be said that there have been almost no additions 
) our basic knowledge of electricity since the beginning 
f this 50-year period of education. There have been, 
f course, advances in application and in new techniques, 
ut it can be stated with reasonable completeness that our 
asic knowledge was nearly all available about the year 
900. For example, Ohm’s work around 1830, Coulomb’s 
ww from 1785, Ampere’s law derived from work in the 


The electrical engineering curriculum of 25 
years ago is compared with that of today. 
The differences in 60-cycle and high-frequency 
training are presented and stress is laid on the 
need for training of electronics in the funda- 
mental area. 


the late years of the 19th cen- 
tury gave us the fundamen- 
tals on which we now build 
our electrical education. 
Therefore, changes and new 
methods introduced in edu- 
cation in this 50-year period 
can be looked upon as due 
to the ingenuity of engineers and educators in develop- 
ing new methods, or to the demands of the field for gradu- 
ates better trained in new areas, and not to the develop- 
ment of a large amount of new fundamental knowledge. 


ENGINEERING CURRICULUM OF 1925 


(y THE PAST 50 years in electrical engineering education, 
it might be said that the first 25 were spent in the 
study of the machine, the building of a background of 
information concerning it, and the development of teaching 
methods suited to it. The evident direction of this con- 
centration of interest is well illustrated by a summary of 
the curriculum in electrical engineering as followed by one 
of the leading universities in 1925. See Table 1. 

One need look only at the column headed “Electrical 
Engineering,” where 24 out of a total of 38 semester hours 
of credit are given to the machine and machine design, to 
see the concentration on machinery as of that date. Only 
six credit hours are given to the electric circuit where the 
machine was to work. 

Those with experience as a teacher or student of 1925 
may well remember the text books which on page one 
stated: 


=, sin tat 


and thereby lost the instantaneous and nonsinusoidal area 
completely, never to be discovered by the student until 
that rare day at the end of the course when he was intro- 
duced to a realm of pure fantasy called “‘transients,” things 
that were nice to know about but which supposedly were 
met rarely face to face in engineering practice, so the 
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teachers said. They forgot to mention that if you ever 
did meet one it was possible for it to wreck you, your 
machines, or your company in a matter of a few thousandths 
of a second. 

There were also the electrical engineering books which 
passed over the a-c circuit in a brief chapter in the rush to 
get to the machine. The books of that era usually assumed 


that Z=V R?+X? was the ultimate goal, and the writing 
of electromotive force equations, the solution of circuits 
more complicated than an Edison 3-wire system, or the 
use of equivalent circuits were matters believed not worthy 
of much time. It should be mentioned that a little, imagi- 
nary thing called ‘‘,’ used in a weird algebra called 
“complex,”? was just being introduced in the early 1920’s, 
and the books of the day possibly can be excused for a few 
of their deficiencies in this direction. 

The magnetic field was covered in a simple treatment 
with the materials restricted to cast iron, cast steel, and 
annealed sheet steel—materials which some of our modern 
books still seem to consider as the only ones of importance. 
The electric field was passed over with discussions of energy 
storage in a capacitor, and possibly a discussion of insulator 
breakdown. Lucky was the student of that day whose 
instructor insisted that he understand thoroughly the 
definition of electric field intensity and the meaning of 
electrical potential. : 

It is interesting to note that the curriculum shown in 
Table I indicates little time or interest in the things we now 
consider humanistic-social, giving to nonengineering elec- 
tives slightly less time than to courses in machine shop, 
woodworking, and foundry. Are graduates of curriculums 
like this numbered among the alumni who are now 
calling for broadened engineering curriculums for today’s 
students? 


ENGINEERING CURRICULUMS OF 1950 


eee OR LEss typical curriculum of 1950 is presented 
in Table II in order that we may appraise changes 
made in the second 25 years of the half century. 


almost unchanged in percentage of time allotted to it 
This is not to be construed as a lack of change in course 
material, since physics has altered and mathematics has 
been expanded to include differential equations. A very 
significant change appears under the heading of “Other 
Engineering” with the complete disappearance of the shop 
courses of 1925, and some reduction in the work in steam 
and steam-power apparatus. The nonengineering area 
shows only a small increase in hours but a significant change 
in the types of courses required, indicating some awareness 
among engineering teachers that their graduates must 
rub shoulders with people, which was not indicated too 
well with respect to the 1925 designations of English and a 
foreign language. 


CHANGES IN CURRICULUMS SINCE 1925 


se MAJOR CHANGE appears in the electrical engineering 
courses, with the appearance of two student choices 
or options instead of the previous one. The area of cir- 
cuits also has been increased radically in importance even 
for the power option. Circuits are essential to the study of 
electrical engineering and a machine is a circuit first, and 
becomes a machine by addition of certain elements, which 
can even be treated as additional circuit elements if desired 
If the first 25 years of electrical engineering education was 
given to the machine, it certainly can be said that 
second 25 years show the ascendancy of the circuit. 

The real difference between 1950 and 1925 electrical 
teaching does not appear with a mere comparison of 
curriculums of the two dates. The factor of great signifi: 
cance is the renaissance or resurgence of the basic funda- 
mental laws of electricity. This is indicated through the 
greater awareness of people teaching in both the power 
and electronic fields of the significance of our basic knowl- 
edge such as Coulomb’s law, Ampere’s law, Faraday’s 
law, and Maxwell’s equations, and their present-day 
abilities in applying these basic laws. 

Our teaching of the present day must be suitable fo: 
all frequencies, not just one or two. It must be able te 

handle nonsinusoidal quantities as 


Table Il. Approximate Electrical Engineering Curriculum Circa 1950 well as sinusoidal quantities. We 
must treat quantities as variables 
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During this second 25-year period, the presence of radio 
or more broadly, electronics, made itself felt, and while 
it cannot be said that this was the only influence acting to 
create differences between the curriculums, it certainly can 
be considered as one of major importance. It should be 
sufficient merely to discover that changes have been made 
to allow us to reason by Newton’s second law that some 
force or forces have been at work. 

It is interesting to note that the basic area remained 
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We must treat Lenz’s law as the 
force on a current, not the force or 
a conductor. The rms volt must appear as a convenient 
mathematical fiction, not as a circuit entity, since, to ar 
electron, an rms volt is of no concern. Self-inducta 
must be defined from e=d(Li) /dt rather than from Lenz’ 
law, and capacity through the displacement current, i= 
dq/dt=d(Ce)/dt, since concepts of ZL and C must be 
fundamental if it is to be possible to recognize L anc 
C when encountered in circuits without lumped param: 
eters. The sinusoidal assumptions and superpositior 


ELECTRICAL ENGINEERIN 


ry which underlie our usual circuit analysis must not 


ubordinated so that they become lost, as was too often 
case in 1925, 


PRESENT-DAY TEACHING METHODS 


LL THIS MAY be summarized in a statement concerning 
kone major advance of the 25-year period—good 
sent-day teaching is done with full knowledge, and not 
lect, of the underlying assumptions. 

\s an example of difference in viewpoint, consider the 
isformer or coupled circuit of Figure 1, in which the 
yndary side is connected to a capacitive load. If this 
uit were shown to a student in 1925, he probably would 
e stated unhesitatingly that with a secondary capacitive 
d the impedance seen on the primary side would have 
n capacitive. However, if one takes a more general 
pled-circuit viewpoint, it is possible to show the student 

1925 quite wrong for certain values of capacitance. 
sent-day students certainly would be in a position to 
agree with the student of 1925, not because they are 
essarily better intellectually but because they have 
m given a Circuit viewpoint with a broader base. This 
wpoint has objectives which must be different than 
se of 1925 because of the much greater demands made 
yn our electrical engineering graduates as of the present 
y. A plot of the input impedance of the transformer 
inst C indicates that the answer of the 1925 student is 
rect only in one region of the performance plot and 
regards certain other effects which may arise. It was 
presence of these other unexpected effects which so 
juently disconcerted power engineers when they began 
dabble in radio in the 1920’s. They had studied elec- 
val engineering under a condition of single-frequency 
cialization and that cannot be tolerated at the present 
ie. It is now necessary to teach on the basis that it is 
ter to disregard a term in an equation than not to have 
ywn of its presence. This frequently represents the 
ference between the right answer and the wrong. 
Because of the availability of the fundamental knowl- 
ye, it might be reasoned that as good a job of teaching 
yuld have been done in 1925 as in 1950, but it can be 
ted categorically that it was not done. The reasons for 
s are not self-evident, but at least two can be stated: 
: lack of attention to fundamentals which the 60-cycle 
cialization had brought on, and the lack of great demand 
m industry for more fundamentally trained graduates 
that time. Our great upsurge of research and develop- 
mt had not yet begun; industry’s desires were for 
esmen and designers, not research or development men, 
d the colleges catered to the demand. When a new 
yduate was hired, he was not placed in a position which 
ld tax his abilities but in one in which he frequently 
t those abilities through lack of use. This is still true 
some industries which fail to take advantage of the full 
hnical level to which our graduates are now trained. 


IMPORTANCE OF ELECTRONICS COURSES 


Aye INTRODUCTION of electronics into the field has per- 
formed one great service and this is in itself a very 
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strong argument for thorough teaching of the basic areas 
in electronics. An electronics course presents great possi- 
bilities for teaching prior work by repetition. The tech- 
nique of a survey course followed by a series of more 
intensive courses over the same area hardly can be justified 
under the time limitations imposed by the present engi- 
neering curriculums. However, that does not mean that 
teaching by repetition, so common at lower learning levels, 
need be lost. Repetition of previous subject matter and 
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Figure 1. Simple circuit illustrating modern approach to circuit 
analysis 


ideas, when employed in the learning of new material, 
is good and can be achieved without waste of time. In 
fact, it may be a better teaching method than straight 
repetition since the student’s interest can be maintained 
more readily. This method might possibly be called 
repetition by application. 

As an example, consider the basic electronics course 
as taught in many schools. Such a course might include 
work in charged-particle ballistics, tube characteristics, 
equivalent circuits, gaseous conduction, and gas tube 
application. It will be found that the treatment of 
ballistics is excellent for repetitive learning of dynamics 
which the student previously studied in his mechanics 
courses. As soon as the student acquires the idea that 
ballistics is nothing but an application of his dynamics, 
he often is enthused to find an application of what may 
have been to him a barren theoretical area. A study of 
tube characteristics then becomes additional teaching in 
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graphical methods of circuit analysis. The equivalent 
circuit for the vacuum tube serves to reinforce the student’s 
learning in a-c circuits. In fact, students who are poorly 
prepared in a-c circuits usually will tend to have difficulty 
at this point in the electronics course. 

Gaseous conduction repeats and strengthens many ideas 
of atomic structure gained in chemistry. The study of 
gas tubes and gas tube circuits gives the student practice 
in the handling of nonsinusoidal waveforms and refreshes 
his understanding of average and rms values through the 
necessity to use these computations in their most basic 
form. 

Repetitive teaching in this manner is good and 
involves no additional time. The introduction of elec- 
tronics into the curriculum, therefore, has served a very 
useful purpose above that expected in the teaching of 
electronics alone. 


BASIC PRINCIPLES OF ELECTRONICS 


A Bis ELECTRONICS and radio areas may be divided into 

three major parts: the physical background of the 
vacuum tube, the characteristics of the tube itself, and the 
circuit in which the tube must operate. Adequate prepa- 
ration for engineering work in the electronics and com- 
munications field should include coverage of all three of 
these areas. 

No one can say that electronics is through developing 
or that all possible types of tubes have been invented. 
Therefore, our graduating electrical engineers need an 
understanding of the basic physical principles of electronics 
in order to understand the operation of new types of tubes 
as they are invented in the future. The student of 1935 
graduating without a proper physical background probably 
has had great difficulty in understanding the operation of 
the multicavity magnetron, the klystron, the phasitron, 
the iconoscope, and the image orthicon, to mention only 
a few. Our present graduates should not be placed in 
such a position with respect to future developments in the 
electronics field. In other words, let us not place them in 
the position of a confirmed 60-cycle man when told of 
power transmission through a waveguide. 

A careful study of the tube and its characteristics must 
be made because the tube is inherently a nonlinear device. 
Frequently it may be the first such device encountered 
by the student in his engineering training and is ideally 

. suited to such study because of the romantic aspects of the 
tube—that feeling of almost obtaining something for 
nothing which has stimulated men’s imaginations to achieve 
as much from as little as possible. The vacuum tube is 
considered as linear for many applications, yet it is to be 
hoped that the inherent nonlinearity will never be over- 
looked, and that the assumptions underlying linearity 
will always be apparent to the worker. 

The consideration of the circuit in which the tube is to 
work introduces new concepts in circuit analysis, many of 
which are based on treatment of circuit performance over 
a wide band of frequencies, a treatment possibly foreign 
to the student’s previous experience. The use of tuned 
circuits for frequency selection and the proper design of 
these circuits for maximum voltage or power output, the 
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idea of maximum power transfer as against the machine 
viewpoint of maximum efficiency—all these items go wi 
a course in electronics. ; 

Another concept which should not be overlooked 
that of the employment of the nonlinear characteristics 
the tube to a useful end as appears in modulation a 
demodulation in some types of circuits. In other types 
demodulators and in class-B and -C amplifiers, the stude 
becomes aware of circuits with discontinuous current 
and the difficulties in their analysis. 

At the higher frequencies circuit performance 
design becomes a function of tube design in that the t i 
and circuit must be considered as a permanent partnersni 
This calls for a firm understanding of field theory as 
as a knowledge of tube design. Field theory is also neg 
sary in the teaching of radiation; a physical phenomen 
without which most radio engineers would be witho 
jobs today. 


OTHER PRINCIPLES OF ELECTRONICS 


it MAY BE NOTED that the design and operation of comple 
receivers and transmitters, or other complete co 
munication systems or industrial electronic devices, ha 
not been mentioned as necessities. ‘This is because 
is felt that the basic principles and the understanding 
them are the business of the university; that, given the 
basic principles, a graduate engineer will quickly unde 
stand receivers, transmitters, and industrial device 
Without these basic principles, a graduate engineer remal 
at the level of the radio serviceman or the laborato: 
technician, both of which are desirable occupations, but th 
are not the ones for which universities should be trai 
ing engineers. 


FUTURE OBJECTIVES 


T CONNECTION with the objectives of a modern electrica 
engineering curriculum, the writer at one time had t 
opportunity of hearing Karapetoff of Cornell Universi 
classify workers in the scientific field into four bro 
groups: technical technicians, practical technicians, tec 
nical practicians, and practical practicians. If any o 
conclusion can be drawn from the comparison of t 
curriculums in electrical engineering of 1925 and 19 
it is that the objectives of those curriculums have been rais 
by at least one level in that period of 25 years. 

In 1925 the graduates in electrical engineering w 
well trained for positions which might fall under the seco 
of the classifications just mentioned, namely, that of t 
practical technician. It is felt that in the last 25 ye; 
the sights have been raised and the level of our graduai 
is now at or near that of the technical technician. Whi 
approaching the top classification, it is to be hoped 
this is also not an approach to a plateau or leveling-c 
region in objectives. 

Electronics must remain true to its fundamentals ai 
not fall into an era of overspecialization. If that shou 
happen, then it is to be hoped that some new area 
electrical technology will arise and continue to stimulé 
the electrical engineering field for the next 25 years 
electronics has done for the last 25. 
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A Complex Wave Synthesizer 
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‘HE USE OF Fourier’s method for analysis of complex 
waves, whether they be electric, mechanical, or aural 
lature, is well known. A device which could produce 
ariety of complex waves could be used to check tedious 
uputations or even to apply a desired complex wave 
i system in order to observe its response. Such a device 
ne subject of this article. 

“his device must be able to produce a number, ten is 
ally sufficient, of harmonically related sinusoidal 
juencies, variable in amplitude and phase angle. 

‘he method of producing these frequencies utilizes the 
_ that in a series circuit composed of a d-c source, a 
uum photoelectric cell, and a resistor, the voltage 
p across the resistor is directly proportional to the 
ount of light falling on the photoelectric cell. By 
ying the amount of light sinusoidally, a sinusoidal 
tage is produced. A rotating disc was placed between 
hotoelectric cell and a constant source of light whose 
iphery was cut so that the radius varied sinusoidally to 
= the properly varying amount of light. A generator 
this type was made for each harmonic frequency by 
ating all the discs at about 1,800 rpm and cutting three 
> waves on the first, six on the second, nine on the third, 
1 so forth. 

fo vary the phase angle the pickup assembly, consisting 
a lamp and a photoelectric cell, of the fundamental 
yuency was made stationary while the pickup assemblies 


Front view of the synthesizer 


Figure 1. 


the harmonics were designed to be moved along the 
iphery of their respective discs a distance equal to the 
sth of one sine wave. The angle through which each 
cup assembly must move varies from 60 degrees for the 
md harmonic to 12 degrees for the tenth harmonic. 
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These assemblies were connected, through suitable gears, 
to handles which moved through an angle of 60 degrees. 
Scales under each handle were calibrated from —180 
degrees to +180 degrees in 5-degree intervals. 

To control the amplitude of each harmonic the resistor 


Figure 2. Triangular wave produced by the synthesizer 


used in series with each photoelectric cell was a potenti- 
ometer. The output voltages of each harmonic generator 
then were combined through a series of mixing circuits 
so that a final output was obtained which was proportional 
to the sum of the individual output voltages. For calibra- 
tion purposes, it was arranged so that the supply voltage 
could be removed from all of the photoelectric cells and 
then be applied to each photoelectric cell independently. 
The amplitude of each harmonic, as read by a voltmeter 
across the mixer output terminals, then could be adjusted 
to the desired level. 

The complex wave synthesizer fulfilled its requirements 
The discs, being hand made, do not 
produce exact sinusoidal voltages. However, the ac- 
curacy is sufficient for most purposes. The phase-angle 
calibration is accurate to within 2.5 degrees, which is one- 
half of the smallest scale division. 

It is evident that, besides the scientific uses, the syn- 
thesizer can be used by mathematics, physics, and engineer- 
ing teachers to forcibly demonstrate the validity of Fourier’s 
theorem and Taylor’s theorem. It also can be used as a 
teaching aid in problems involving complex waves because 
it eliminates most of the imagination required by the 
student in the visualization of these problems. 


reasonably well. 


” 


Digest of paper 51-179, “A Complex Wave Synthesizer,” recommended by the AIEE 
Committee on Instruments and Measurements and approved by the AIEE Technical 
Program Committee for presentation at the AIEE Great Lakes District Meeting, 
Madison, Wis., May 17-19, 1951. Not scheduled for publication in AIEE Transactions. 
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A New Train Performance Calculator 


52° Vs. Sve 


RIOR TO the acquisition of new or improved types of 

railroad motive power and at times when track or other 
improvements are contemplated, it is customary to cal- 
culate the performance of a typical train over a specified 
route. The usual step-by-step calculations of train per- 
formance are tedious and require considerably more time 
than a train would need to operate over the same route. 

A new train performance calculator recently placed in 
service by the Pennsylvania Railroad in Philadelphia, Pa., 
was developed to compute and record train performance in 
actual train time. This calculator consists of three self- 
balancing potentiometer-type curve-drawing instruments, 
electrically interconnected, and a low-energy auxiliary 
circuit, all of which are mounted on two self-supporting 
steel panels. The instruments and auxiliary apparatus 
were previously developed for other applications in the 
electrical field and have been adapted to the solution of 
train performance problems with relatively few changes in 
basic design. Two phases of a conventional 110-volt 60- 
cycle 3-phase distribution system supply through 3-ampere 
fuses all the electric energy required by the machine. 
Calculations are not affected by fluctuations in supply 
voltage. After the auxiliary circuit has been calibrated 
for the acceleration-speed curve which applies to the par- 
ticular train, calculation of performance is automatic 
except for changes in grade and changes in type of motion 
for which manual adjustments are made as the calculation 
is progressed. Results are produced on strip charts which 
show continuous curves of (1) acceleration at any time, 
(2) speed at any time, and (3) speed at any distance. 
Time in 5-minute intervals is marked on the speed-distance 
chart. 

In this calculator acceleration is expressed in terms of 
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oreo 


Figure 1. Front view 
of the new train per- 
formance calculator 
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voltage, which is measured and integrated wich respect f 
time to control a second voltage proportional to speed 
The second voltage is similarly measured and integrate¢ 
with respect to time to operate a chart-drive motor. 
motor revolutions represent speed integrated with respe¢ 
to time, the chart is advanced at a rate proportional 6 
distance traversed. 
General arrangement of instruments and control af 
paratus is shown in Figure 1. In accordance with tf 
primary quantity measured, the top instrument on the le 
panel is designated the Speed recorder; the lower instr 
ment, the Distance recorder. The instrument on the righ 
panel is the Acceleration recorder. Charts in the upp 
instruments are advanced by synchronous motors. Th 
chart in the Distance meter, on which compensated grade 
speed restrictions, and braking lines are previously plotte 
or indicated, is advanced by the motor controlled by th 
speed-voltage integrator. 
The four rows of dials shown on the lower portion ¢ 
the right panel represent rheostats connected betwee 
positioned taps on a slide wire in the Speed recorde 
These rheostats are adjusted prior to the calculation | 
produce along the slide wire a voltage gradient conformitr 
to shape and proportions of the net acceleration-spee 
curve for the selected train. The dials immediately abo 
represent rheostats which simplify the calibration procedui 
and provide features for the net acceleration-speed cury 
Below the Acceleration recorder, from right to left, 2 
a Power on-off switch, a Grade and Braking rheosta 
and an Operations switch. The acceleration circuit 
supplied with proper voltages for grade or braking 
adjustment of the rheostat so named, and can be a 
ranged for three types of motion—acceleration, fixe 
speed, or braking—by adjusting the Operations switch 
Progress of the speed curve on the prepared distane 
chart determines the nature and extent of each adjus 
ment. 
Calculations have been compared with those performe 
by the step-by-step method and with actual train perforr 
ance. No evidence of machine inaccuracy has been fout 
to date. Maintenance and dependability of measurif 
and integrating mechanisms are consistent with those 
similar devices used for other purposes in the electric 
industry. The ease and consistency with which the 
normally cumbersome calculations have been handle 
with this machine have encouraged extensive preliminal 
investigations and provided convincing arguments | 
proper assignment and rating of new motive power 
many railroad services. 


rea of paper 51-108, “A New Train Performance Calculator,” fecamineulia by 
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The rare combination of a theoretician and a practical engineer was found in Giovanni Giorgi. 

His theory of alternating sinusoidal currents and their representation by means of vector 

diagrams is fundamental to the science of engineering. At the same time he planned and 
organized many civic engineering projects for the benefit of his people. 


NIOVANNI GIORGI, who first proposed the mks 
 (meter-kilogram-second) system of units, died sud- 
denly in Castiglioncello, Italy, on August 19, 1950. 
fessor Giorgi’s contributions to electrical engineering 
1 science in general amount to more than 300 papers. 
ese were published from 1894 to 1950,! and through them 
can follow the develop- 
nt of electrical engineering 
m its early struggles to its 
sent achievements. 
Siovanni Giorgi was born in 
cea, Italy, on November 27, 
/1, and was graduated with 
nors from the University of 
me in 1893. He began his 
fessional career as a practic- 
‘engineer, and from 1895 to 
)5 he designed and built 
eral hydroelectric plants, 
nsmission lines, distribution 
tems, industrial installations, 
ctrical tramways, and rail- 
ys. At the same time he 
§ writing technical papers 
problems of electrical engi- 
ering, electricity and mag- 


fism, theoretical physics, 
trology, and rational me- 
Anics. 


He soon was concerned with 

: theory of alternating sinusoidal currents and of their 
resentation by means of vector diagrams. A review 
icle of his work on the subject, published in 1903, is 
great importance even today. Other works are con- 
ned with the basic principles of electricity and with 
. fundamental concepts of mass, time, and motion. 
These works introduced Giorgi’s work on electrical 
trology. The system of units proposed by him in 1901 
known universally. It was adopted officially by the 
ernational Electrotechnical Commission (IEC) in 1935 
h the following resolution: ‘That the system with four 
damental units proposed by Professor Giorgi be adopted, 
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subject to the fourth fundamental unit being universally 
selected.” 

At the same meeting of the IEC, it was decided unani- 
mously that the system with four fundamental units should 
be named the Giorgi system. At the 1938 meeting it was 
decided to use as the fourth unit, the connecting link 
between the electrical and 
mechanical units, the per- 
meability of free space. The 
question of rationalization was 
left open by the commission; 
although Giorgi, like Heavi- 
side, was decidedly in favor of 
rationalization. Consequently, 
the commission resolved that 
the fourth unit would have 
“the value uo=10~7 in the un- 
rationalized system or po=47 
1077 in the rationalized sys- 
tem.” 

Less well known is the fact 
that Giorgi had associated the 
new systems of units with a 
new exposition of the electri- 
cal theories. This exposition 
is not based on the classical, 
and seldom performed, ex- 
periments (like the demon- 
stration of Coulomb’s law) of 
the old treatises of physics, 
but instead on concrete magnitudes—the volt, ampere, 
and ohm—which lead directly to the most important 
applications of the theory. Death interrupted Pro- 
fessor Giorgi while he was working on two new text- 
books on electricity and magnetism, one elementary and 
one advanced. 

Another important work of Professor Giorgi, published 
in 1905, was concerned with a “‘Unified Method for the 
Study and the Computation of Electrical Machinery.” 
At that early date, it was very important to show how the 
same basic concepts applied to the various electric ma- 
chines, which were regarded then as entirely different 
from each other. 
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In the more purely mathematical field, Giorgi published 
in 1903-05 two very remarkable papers, which were the 
first to give a rigorous form to the operational calculus. 
Giorgi was the first to apply the Laplace transform to the 
symbolic or operational method, showing the connection 
between this powerful and rigorous mathematical tool 
and the Heaviside approach. It should be recalled that 
Heaviside introduced the Laplace transform only in the 
third volume of his “Electromagnetic Theory’ which 
was published in 1912.2 Unfortunately, Giorgi’s work 
was published in a relatively unknown magazine, in 
Italian, and was then too difficult for many electrical 
engineers. Thus, later contributions (as Carson’s) over- 
shadowed Giorgi’s original contribution. A subsequent 
work by Giorgi on this subject is the communication to 
the International Congress of Mathematics in Toronto 
(1924) entitled ‘“‘The Functional Dependence of Physical 
Variables” in which the problem is considered in its 
generality. 

Other papers of Giorgi are concerned with higher mathe- 
matics, physical mathematics, and rational mechanics. 
He studied vector fields, the propagation of waves in 
mediums with selective absorption, the deformation of 
space, problems of relativity, functions of complex variables, 


and many others. His “Summary of the History of 
Mathematics” earned a well-deserved fame in Italy and 
abroad. 


Giovanni Giorgi, after his private engineering work, 
took civic assignments and became Director of the Public 
Works Department of the City of Rome. He planned and 
organized the Municipal Electrical Company, the electric 
tramways of the city, the city refrigerator system, and 
worked on many civic projects in Italian towns. 

In 1910 Giorgi became professor at the University of 
Rome, where he taught mathematics, physics, electrical 
engineering, and economics. In 1934 he became pro- 


fessor at the Institute of Higher Mathematics in Rome, 
In 1947, although 76 years old, he was sent by the Italiar 
Government as head of a delegation for the study of long- 
distance telephone communication in the United States. 
He represented the Italian Government at the bicentennial 
celebration of Princeton University. He was for many 
years a member of the IEC and of many Italian and foreign 
institutions. 

Giorgi’s personality was kind, simple, loving, and 
extremely lucid. All his pupils recall his clear mind, his 
tremendous culture, and his unfailing kindness and patience, 
He spoke and wrote in Italian, French, English, and 
German. His style was elegant, simple, and crystal-clear 
devoid entirely of that heaviness, even in the most involved 
subjects, which often is found today in technical papers. 

In the present age, wherein most individuals are led to 
ever-narrowing specializations, the mind of Giorgi, who 
excelled in so many fields, appears almost as that of a 
universal genius. In a certain manner, allowing for the 
difference of the times, he may be compared to Galileo 
Galilei. Keeping the comparison to modern times, he 
may stand next to Steinmetz for contributions to moder 
electrical engineering. To him, electrical science owes 
a great deal. 

No words in memory of Giovanni Giorgi seem more 
fitting than those which he himself spoke in memory of a 
dear friend and colleague, the physicist O. M. Corbino: 
‘‘What emptiness after his disappearance! And yet our 
soul is consoled by the thought that his works continue and 
perpetuate his spirit and his tradition. Honor. to his 
memory.” 
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Construction for Seattle, Wash. 


This 66,700-kva water wheel generator soon will 
be producing electric power for the city of Seattle, 
Wash., in the rapidly growing Pacific Northwest 
It is being constructed at the East Pittsburgh, Pa. 
plant of the Westinghouse Electric Corporation. 
It will be installed in the Gorge power house 
which is located on the Skagit River above 
Seattle. 

When completed, the water wheel generator will 
weigh 580 tons; it will stand 21 feet high and 
will measure more than 36 feet in diameter 
The rotor alone will weigh 287 tons; it is de- 
signed to turn at a speed of 164 rpm. The two 
workmen shown are using a pin gauge to check 
the stator for roundness preparatory to mount 
ing the end bracket. 
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Some Experiments 


With Peltier Effect 
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T DOES NOT seem quite logical to an electrical engi- 
:... that, when a direct current is passed through a 

soldered connection between two metals, this junction 
hould cool off rather than heat up, in spite of the fact that 
he junction has an appreciable resistance. 

This Peltier effect is defined as the effect which gives rise 
o an absorption or liberation of heat when a current flows 
cross the junction of two unlike metals. Heat is absorbed 
vhen the current flows in the same direction as the current 
it the hot junction in a thermoelectric couple. Thus it may 
ye said to be another aspect of thermoelectric effect, and its 
magnitude is directly proportional to the so-called thermo- 
lectric power of the combination of metals used, as well as 
he current through the junction. 

Over the past 25 years there has been little of an engineer- 
ng nature published about the Peltier effect. Some 
elected references are listed at the end of this article. 
During and since the war, re- 
earch work under govern- 
nent sponsorship has been car- 
ied on looking toward a prac- 
ical thermoelectric power 
yenerator. Such a generator 
is needed in some military 
»perations where the noise 
of a gasoline-driven unit is 
highly objectionable and batteries are impractical. Most 
of this work has been on new materials having usable 
high values of thermoelectric power. 

In general, the fundamental requirements for Peltier 
souples are the same as for the elements of a thermoelectric 
yenerator. ‘These are 


electrical engineers. 


1. High contrasting thermoelectric power. 
2. Low heat conductivity. 
3. High electric conductivity. 


The Wiedemann-Franz relation ties factors 2 and 3 
together. This “law” states that the product of the 
coefficients of thermal conductivity and electrical resistance 
is a constant for any given material. There are some 
known deviations, but unfortunately they are all in the 
wrong direction. In other words, no metal or alloy is 
known which has a lower value (more favorable) for this 
relation. The various basic design features for a thermo- 
electric generator design have been pretty well worked out.’ 

The useful net Peltier cooling effect is much less than the 
total heat abstraction caused by heat resulting from the 
following factors: 


1. The /?R heating at the joint where the cooling effect 


takes place. 
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The Peltier effect has long been neglected by 

Lately, however, experi- 

ments have been made on new alloys to deter- 

mine the practicability of using the Peltier effect 
in a thermoelectric power generator. 
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2. The J?R heating in the body of the material. This 


heat flows toward the cool junction. 


3. The heat which reaches the cool junction from the 
surrounding medium. 


4. The Peltier heat generated at the hot junction and 
conducted through the material to the cool junction. 


These are listed in order of importance for most Peltier 
cooling arrangements. These factors in total are usually 
almost as large as the cooling effect so that the conditions 
must be very favorable in order to produce a net amount of 
useful cooling. It will be noted that two of the four factors, 
and usually the two largest ones, depend upon the square of 
the current. As the total Peltier cooling is proportional to 
the first power of the current, there is for any given couple 
an optimum current to obtain maximum useful cooling. 

So far no one has found satisfactory or ingenious ways of 
greatly enhancing useful 
Peltier effect by variations 
in mechanical design. A few 
ideas have been helpful. One 
of these is to use long rods of 
materials so that little of the 
Peltier heat generated at the 
hot junctions travels to the 
cool junction. This, of course, 
lowers the over-all efficiency of the device but does result 
in a maximum temperature drop at the cool junction. 
Theoretically the cross sections of materials used should 
be directly proportional to their specific resistance. 

A common fallacy, when one first considers Peltier cool- 
ing, is to assume that because a given current creates a 
temperature difference between the two junctions, if the hot 
junction is cooled down and thus prevented from rising 
much above ambient, the cold junction will further drop in 
temperature by a nearly like amount. This does not occur, 
however, if factor 4 is minimized by a reasonably long 
length of couple element. 

As a matter of fact, both theory and experiment indicate 
that if one of the hot ends is cooled there is actually a slight 
warming up of the cold junction. ‘This is due to Thomson 
effect. Thomson effect is the phenomenon of the appear- 
ance or disappearance of heat in a portion of a conductor 
when an electric current flows between a cold and a hot 
part of that conductor. Whether this heat absorption 
occurs at the cooler or hotter portions depends on the 
Thomson effect coefficient which, as in the case of thermo- 
electric effect, may be positive or negative and varies widely 
with different materials. It is a second-order effect, how- 
ever, and experiments indicate that it is just detectable 
without refined equipment and measurements. 

What is really needed, for a practical design, is an ar- 
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Figure 1. Schematic sketch of an experimental Peltier couple 
arrangement 
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Figure 2. Cooling curve with time, for three values of junction 
current 


rangement by which the Peltier couples may be connected 
in series thermally as well as electrically. In other words, 
if a certain Peltier couple lowers the temperature of a small 
piece of metal by five degrees, it would be highly desirable 
to have a practical arrangement by which the five degrees’ 
drop from another couple or series of couples can be used to 
lower the ultimate temperature to something approaching 
ten degrees. The Peltier effect efficiency is so extremely 
low that any known series arrangement thermally appears 
to be prohibitively large and wasteful. 

In the literature on thermoelectric generators, calculated 
efficiencies as high as five to ten per cent are mentioned. 
However, an actual group of couples assembled in the form 
of a generator was reported as showing, on test, an over-all 
efficiency of under one per cent. ‘The same thing is prob- 
ably true of any known form of practical Peltier cooling 
device. 

Handbooks and other tables of physical constants show 
very high contrasting values of thermoelectric power for 
germanium and silicon. However, these two elements, as 
well as some other semiconductors, have entirely too high 
an electrical resistance to be used for satisfactory Peltier 
elements. From the practical aspect, several of the 
materials with very high thermoelectric power that have 
been developed, in addition to having a high electrical 
resistance, are either extremely brittle or are very difficult 
to solder, weld, or otherwise join together to make satisfac- 
tory low-resistance junctions. A low resistance of the 
*‘cool” junction is of great practical importance because the 
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heating at this surface, which directly offsets the Peltier 
cooling at the same surface, is proportional to the square ol 
the current. ; 

For the experiments, a pair of rods 3/4 inch in diameter 
and 12 inches long were cast; one was made up from 91 
per cent bismuth and 9 per cent antimony, the other from 
95 per cent bismuth and 5 per cent tin. This choice o 
alloys represents a compromise between high contrasting 
thermoelectric power and the requirements of electrical and 
heat resistivity. These materials also are suitable fo 
soldering to form a low-resistance joint. The rods were 
tapered down to about a 1/8-inch diameter for the “cool” 
junction. 

Between these two ends was soldered a bit of 30-mil sheet 
copper 3/16 inch by 3/8 inch, and to this the thermocoupk 
was attached. This arrangement is shown in Figure 1 
For the tests the cool junction and about two inches a 
adjacent length of each rod were wrapped loosely with 
several layers of paper batting to eliminate effects of var 
able air currents. The optimum current was found to be 
about 15 amperes and the temperature drop about 9 
degrees centigrade below ambient. The diminishing cros 
section of rod area approaching the cool junction appears ta 
be somewhat beneficial in obtaining a maximum tempera: 
ture drop. However, the net amount of heat removed is no 
greater, and may well be less. 

A typical series of curves of temperature drop for thi 
combination is shown in Figure 2. It will be noted that, as 
the optimum current is exceeded, the initial drop of tem: 
perature at the cold junction is greater, but after a short 
time the excess J?R heat in the rods flows to the cold june 
tion so that the final temperature drop is less. 

The rapidity of the temperature drop the first few second 
after the circuit is closed is of interest. During the first 1! 
seconds at optimum current (15 amperes), the rate ai 
temperature drop was at the rate of about 1.2 degree 
centigrade per minute per ampere. For the first few 
seconds, it was as much as 3 degrees centigrade per minuté 
per ampere. 

Figure 3, taken from the data of Figure 2, shows the 
shape of the optimum current curve for the arrangemen 
illustrated in Figure 1. 
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Figure 3. Variation of temperature drop at the end of one hou 
for different junction currents, The optimum current for th 
case was about 15 amperes 
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In Peltier couple tests, it is necessary in most cases to con- 
nue one set of conditions for at least an hour (longer if 
irger masses of materials are used) in order to reach equilib- 
um temperature conditions. 

With present knowledge, a practical Peltier effect cooling 
evice does not seem to be very promising. In order to 
iake it practical, it will be necessary to find new alloys or 
vaterials for the couples that have much higher contrasting 
alues of thermoelectric power as well as satisfactory electric 
nd thermal conductivity. Such alloys would probably be 
ifficult to handle and fabricate. If they do become avail- 
ble, there still will remain the problem of a satisfactory 
esign to lower the useful temperature by more than that 
btainable in a single Peltier couple. 

The best that can be done at the present time is to cool a 
mall bit of metal by not more than 10 degrees centigrade. 
‘his amount of temperature drop might be used, for in- 
tance, for a very small dew-point determination mirror 
for high humidities) or for reference thermocouples to be 
eld slightly below ambient temperature. The useful rate 
f heat removal per ampere of optimum junction current 


corresponds to only milliwatts. Until such time as some- 
thing new is uncovered, the possibility of a household 
refrigerator based on Peltier effect is unlikely. 

There is one encouraging factor. Many able physicists 
are working to increase our knowledge of the physics of the 
solid state, particularly in the field of semiconductors. 
This research may well uncover some new materials, con- 
cepts, or ideas that will allow a greatly improved Peltier 
cooling device to be designed. 
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Insulation ‘Tester for the Windings of Large 
D-C Machine Armatures 


F. H. CAJE LIN 


Bins QUALITY of the 


insulation system of elec- 

tric apparatus is an im- 
yortant factor in the life and 
erformance of that appara- 
us. ‘To assure the required 
juality of insulation, ade- 
uate and practical means of 
esting must be provided. These testing methods must 
neet several requirements. ‘The test-voltage stresses must 
Ye applied to the major insulation between the electric cir- 
uit and ground and also to the minor insulation between 
oils and turns. The test voltage applied must simulate 
ervice stresses. The test-voltage levels must be sufficiently 
igh to assure that all insulation defects and incipient faults 
fill be discovered. The test must be simple in application 
nd safe. The test equipment must be low in first cost and 
ave reasonably long life. 


COMMONLY USED TEST METHODS 


Y FAR THE greatest amount of high-potential testing is 
done at power-supply frequencies at voltage levels 
etermined by experience in field operation. Generally 
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A new winding insulation tester has been built 
which extends the application of this type of 
apparatus to cover low-impedance windings. 
With this new tester weak insulation on large 
d-c armatures can be detected, so that design 
and manufacturing techniques can be improved. 


Catlin, Rohats—Insulation Tester for D-C’ Machine Armatures 
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these tests are made on major 
insulation only by applying 
voltage to all terminals with 
the framework grounded. 
This method of testing does 
not test coil-to-coil or turn-to- 
turn insulation. Induced- 
voltage testing sometimes is 
used, generally at 120, 420, or 960 cycles, with the applied 
voltage across the winding under test.'?_ The higher reac- 
tance at these frequencies permits higher applied voltages 
without overloading. Voltages and currents at these fre- 
quencies are not typical of operating conditions so that 
these tests are not always entirely satisfactory. 

Surge testing has been widely adopted for transformers 
and switchgear. The advent of the Marx circuit and 
cathode-ray oscillograph has permitted the application of 
test surges at any peak voltage required, as well as accurate 


Full text of paper 5 1-74, “Winding Insulation Tester for D-C Armatures,” recommended 
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AIEE Technical Program Committee for presentation at the AIEE Winter General 
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measurements of applied wave shapes. ‘These tests are 
made on the single-surge basis, using wave shapes regarded 
as simulating power-line surges from lightning and other 
disturbances. 

Surge testing of rotating machinery windings using 


Figure 1. 
winding insulation 
tester 


repeating-type surge generators at 60 surges per second is 
now in extensive use on production lines. 


REPEATED SURGE TESTING 


i ais REPEATED-SURGE method of high-potential testing 
was developed and incorporated in a winding insula- 
tion tester for production line use in 1942. Early applica- 
tions were on 3-phase motors between 1 and 15 horsepower. 
A short time later a tester was built for larger machines up 
to 6,000 horsepower with 2,700-volt windings. Stil later 
it was adapted to single-phase motors, and now a large 
percentage of motors used on refrigerators, washing 
machines, and others are tested by this method. The wide 
acceptance of the winding insulation tester of Figure 1 is 


Figure 2. Test waves for single-phase motors. 
ings, (B) several short-circuited turns in one coil 


(A) good wind- 


based on the economy and convenience of repeated surge 
testing in providing the required insulation stresses from 
conductor to ground, between coils, and between turns. 
Figure 2 shows typical test waves on single-phase motors. 
Figure 2A was obtained with a good winding; B was ob- 
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Ten-kv | 


tained with several short-circuited turns in one coil durin) 
the test. 

With this tester all insulation faults are detected an 
located, providing designers with information necessary fot 
changes in design and manufacturing methods, which re 
sults in reducing production line rejections to well unde 
one per cent. 


WINDING INSULATION TESTER FOR D-GC ARMATURES 


‘lee SUCCESS OF repeated surge testing on stators immedi 
ately suggested a possible application to d-c armatures 
where similar problems of turn stresses due to surges mus 
be met. Here the problem becomes more difficult becaus 
of the low impedance of the armatures to be tested and t hi 
correspondingly greater surge current required for a give 
turn-to-turn surge voltage. 

This problem first came up during the last war when 
United States Army required a number of special d-c trae 


TRIP PULSE FROM 
SWEEP CIRCUIT 


—— 


COMMUTATOF 


Figure 3. Main circuits of 10-kvy winding insulation testi 
tion motors. The design of these motors was such tha 
stringent insulation space limitations were imposed. Ba 
cause of this, and also as a result of the rigid service speci 
fications, it was necessary to make a severe turn-to-turi 
insulation test on the armatures. Ss . 
These armatures were lap-wound and had the usuil 
equalizer connections. ‘The resistance between -4iac-* 
commutator segments was less than 0.001 oh? ) 
previous experience with the type of insulatic ~~) nd 
armature, it was decided that a surge test giving 500 voit 
peak bar-to-bar would show up substandard insulation bu 
would not damage good insulation. ‘Tests also indicate 
that at 500 volts’ peak the surge current would be in exces 
of 300 amperes. This power requirement was greater thai 
could be obtained from any existing surge test equipmer 
To meet these power requirements a new surge tester w 
designed and built. 
The main circuits of this tester are shown in Figure $ 
| 
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figure 4. High-current winding insulation tester, final design 
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igure 5. Oscilloscope circuits for the new winding insulation 
tester 
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The surge generator capacitance C of one microfarad was 
charged in one half-cycle and discharged on the next half- 
cycle. The discharge was through a pair of thyratrons con- 
nected back to back to permit oscillatory and complete dis- 
charge of the surge generator. 

The surges were led to the motor under test through 
coaxial cables to minimize reactance drop. A well-insu- 
lated contact mechanism held by the operator applied the 
surges to adjacent commutator bars. A separate pair of 
contacts picked off coil potential and another coaxial cable 
took it back to the oscilloscope for observation and measure- 
ment. ' 

The armatures were checked at certain stages of manu- 
facture when defects could be corrected at minimum ex- 
pense. ‘The performance of this special winding insulation 
tester on this lot of motors proved the value of surge testing 
for incipient fault detection and insulation system evalua- 
tion. 

The use of this tester was continued after the war to test 
armatures of various sizes and types of windings. From this 


background of experience it was decided in 1949 to extend 
the program of surge testing. This program included arma- 
Tests showed that to provide 


tures of very low impedance. 


Figure 6. Contact 

mechanism for ap- 

plying tester output 
to commutator 


bar-to-bar test potentials of 500 volts’ peak, crest currents of 
several thousand amperes would be required. The use of 
thyratrons to obtain these current values was impractical 
so a new surge tester was designed and built using small 
ignitrons which are capable of supplying the current re- 
quired of the tester. 


DESCRIPTION OF THE NEW TESTER 


IHE SURGE GENERATOR of the new high-current winding 
G aap tester as finally developed around the igni- 
trons is shown in Figure 4. ‘The capacitor C is charged on 
one half-cycle and discharged on the next half-cycle of 
opposite polarity. The discharge tends to be oscillatory, 
so a second ignitron to carry the inverse current is provided. 
Each ignitron has its own firing circuit which sends a current 
pulse of 500 microseconds’ duration through the ignitor. 
As the time required to fire the ignitor varies between 20 
and 40 microseconds, and as the first half-cycle of the surge 
may be shorter, it is necessary to fire the inverse tube first. 
This insures that the inverse tube will always be ready when 
the inverse surge current comes along. 
The inverse firing circuit thyratron 7-2 grid has a nega- 
tive bias of about 30 volts which is modulated by about 250 


593 


volts at 60 cycles so that firing occurs very soon after the 
zero of the charging half-cycle. The forward firing circuit 
thyratron T-7 is controlled in the same way, but has its grid 
bias modulated by a lower 60-cycle voltage so that firing is 
delayed a little longer. 

The positive side of the surge generator is connected to 
ground through a small coil LZ of several turns. The posi- 
tive drop across this coil is used for firing the sweep circuit 
of the oscilloscope, thereby giving a perfectly steady picture 
on the oscilloscope screen in spite of the variations of igni- 
tron firing point. 


The oscilloscope circuits are shown in Figure 5. A 5- 


commutators of larger diameters another mechanism of 
similar design will be required. 


APPLICATION PERFORMANCE 


IME SURGE GENERATOR capacitance of 0.5 microfarad 
bis be charged toa maximum of 7.5kv. ‘The genera- 
tor is capable of applying potentials up to 1,000 volts peak 
between adjacent segments of any d-c armature now im 
production. An oscillograph record of voltage between 
adjacent bars of a very low impedance armature is shown 
in Figure 7. This voltage wave is of highly damped 
nature at a frequency of approximately 160 kc. The 


Figure 7. Oscillograph of voltage wave 
between adjacent bars of very-low- 
impedance armature 


Figure 8. 
with deliberate 


inch fast-writing oscilloscope tube with +4-kv acceleration, 
or a total of eight kv, is used to give enough intensity for 
convenient observation. The time axis is produced by the 
discharge of a small thyratron into a resistance-capacitance 
circuit. ‘The thyratron also drives the cathode-ray tube 
grid to establish the beam through a coupling capacitor 
C-7 and resistance voltage divider R-7, R-2. Power for 
the sweep tube is supplied by taps in the main 8-kv 
power-supply bleeder. 

To avoid including the contact drop of the main con- 
tacts, the surge voltage to be measured is picked up by 
separate contacts and conducted to the oscilloscope deflec- 
tion circuit through a coaxial cable. The voltage divider 
is made up of noninductive resistors on a tap switch. The 
output of the divider is passed through a 1-microsecond 
delay cable to the deflection plates of the cathode-ray- 
tube. This delay makes up for the time lost in initiating 
the time axis circuit. 

Several other elements which were omitted from the dia- 
gram for simplicity are a deflection selector switch, a d-c 
calibration supply, and a 500-kc damped-wave timing wave 
oscillator. 

The contact mechanism for applying the tester output 
to a commutator is shown in use in Figure 6. It consists of a 
well-insulated body with two handles in which there are 
interlock switches. ‘The operator is safeguarded in this 
way as he must press both handles to complete the surge 
generator primary circuit. The contacts are adjustable for 
commutators having bars of various widths, and it may be 
used on commutators up to 31 inches in diameter. For 
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Oscillograph of voltage wave 
insulation defect in 
armature circuit 
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Figure 9. Oscillograph of voltage wave 
without insulation defect, on medium= 
impedance armature : 


J 


voltage amplitude of 500 volts between bars is only a por= 
tion of the total surge-generator voltage, the remainder 
being lost in the stray inductance of the leads. Thi 
wave shape is typical of an armature circuit with no in 
sulation defects. 

The wave shape obtained when an insulation defect i 
present in the armature circuit is shown in Figure 8. Thi 
particular defect was a short circuit between bars in a coi 
120 degrees or one equalizer space from the point of surg 
application. 

A typical wave shape on a medium-impedance armatur 
without insulation defects is shown in Figure 9. The in- 
creased inductance of this armature reduces the oscillation 
frequency to approximately 130 kc. The general way: 
shape, however, remains quite typical of those for large 
armatures. | 

This tester may also be applied to higher impedance 
loads such as series field coils and a-c stator coils. The 
a-c stator coils may be tested after installation to detect 
damage due to installation. Up to 7,500 volts is available 
for such work, which is probably high enough for detect- 
ing damage or defective insulation even though a first- 
c’ass coil may take two or three times as much to break it 
down. 
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Humidity and ‘Time Effects on Spark-Over 


Bi Bea TACOB, FR: 
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es INVESTIGATION was suggested when it was 
observed that gaps in high direct-voltage equipment 
xhibited erratic and rather low breakdown strength 
luring moderately high humidity conditions. Electrode 
>dges were slightly rough in some of the gaps. 

A negative coefficient of breakdown or spark-over 
voltage with humidity variation as indicated is somewhat 
urprising at first because with 60-cycle and impulse 
voltages the standard sphere gaps are virtually unaffected 
oy humidity, while rod gaps with sharp edges have a posi- 
ive humidity coefficient. (See the applicable AIEE 
Standard.') In view of the apparent lack of published 
nformation on the effects of humidity and time of applica- 
ion of direct voltages on the breakdown strength of gaps, 
t was decided to conduct a systematic investigation on the 
elative effects of these factors. 

Tests were performed on two electrode configurations: 
[2.5-centimeter diameter spheres, and standard one-half 
nch square rods with square edges. The advantages of 
his selection are: (1) it allows comparison with present 
accepted 60-cycle data, (2) it provides opportunity to 
sompare results for gaps with and without corona formation 
9efore spark-over, and (3) it brackets the electrode con- 
igurations in commercial direct-voltage equipment. 

The source of direct voltage was a 100-kv rectifier unit 
with capacitance output and grounded center tap. Voltages 
were measured with an electrostatic voltmeter connected 
across the center section of a corona-free wire-wound 
livider of 40 megohms total resistance. The ripple 
amplitude was found to be less than 0.25 per cent. 

Four spacings were selected for each gap so that the spark- 
ver values were approximately 30, 50, 70, and 90 kv. 
[wo types of data were taken for the sphere gap and the rod 
yap: initial spark-over voltage and voltage-time charac- 
eristics. ‘The latter were obtained by setting the voltage 
at successively lower values and recording the time to 
park-over. The highest voltage not causing spark-over in 
hree 90-second runs was designated as the critical with- 
tand value. This time was chosen because it was demon- 
trated that spark-overs after 90 seconds were very improb- 
able. Data were taken over a 3-month period during 
which humidities from 0.25- to 0.73-inch mercury-vapor 
pressure were encountered. 

For the sphere gap, the initial direct spark-over voltages 
were found to be practically independent of humidity, 
ilthough there is a suggestion of a slight positive humidity 
oefficient. Short-time (two to five seconds) spark-over 
voltages obtained at seven different humidities, when 
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averaged for each gap and compared with 60-cycle values 
in the Standard,! show a mean deviation in results of 1.1 
per cent. This is within the absolute accuracy of the 
measurements, considering all factors. 

On applying to the sphere gaps steady voltages two per 
cent (in some cases three per cent) less than the short-time 
spark-over values, random spark-overs were observed at 
times averaging about 30 seconds. A suggested explana- 
tion for this is that cosmic rays are triggering the gap. 
In any event, the critical direct withstand voltages for the 
sphere gap are not much less than the short-time spark- 
over values, and no dependence on humidity was observed. 

In order to minimize scattering of initial direct spark- 
over voltages for the rod gap, it was necessary to raise the 
applied voltage very rapidly. Spark-over values so ob- 
tained show general agreement with accepted 60-cycle 
values, although the observed positive humidity coefficients 
for these relatively short gaps are somewhat greater than 
for 60-cycle spark-over. Dual spark-over voltages much 
less than the 60-cycle values were encountered inter- 
mittently if brush formation was permitted to develop at 
rather critical voltages. 

In addition, on applying sustained direct voltages to 
the rod gaps at values successively lower than the initial 
spark-over value, spark-overs were observed at random 
times that show a trend to longer average times at the 
lower voltages. Plots of critical withstand voltages versus 
humidity indicate a small negative humidity coefficient 
for the four gaps investigated, but the scattering of results 
is such that the uncertainty in the coefficient is consider- 
able. The extrapolations of the curves of initial spark- 
over voltages and of long-time spark-over voltages versus 
humidity intersect at zero humidity within the accuracy 
of the data. 

Further analysis indicates that for dry air the rod-gap 
spark-over voltage probably does not depend greatly on 
the time of voltage application for times greater than 0.1 
second. When water vapor is present in the air, the rod- 
gap unidirectional spark-over voltage is greater than the 
dry-air value for all times of voltage application up to a 
few seconds, but it decreases to a level near the probable 
dry-air value at longer times. The latter result may be 
caused by: (1) gradual coalescence of water droplets in 
the glow discharge that exists at sharp electrode edges at 
subinitial spark-over voltage; (2) migration of these 
high-permittivity droplets to regions of the gap where the 
field intensity is relatively high; and (3) disruption of 
the droplets by the field, leading to a chain of water par- 
ticles and consequent spark-over. Further investigation 
of these phenomena is required. 
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Switching High-Voltage Shunt Capacitor Banks 


A. W..FUNK EH OWS Eke 


NE OF THE first 34.5-kv capacitor banks in this 
country was installed recently~on the Indianapolis 
Power and Light Company system. This capacitor bank, 
totaling 7,290 kva, was part of a system program of adding 
reactive generation close to reactive load in the most prac- 
tical and economical manner. See Figures 1 and 2. 

As there was very little test data available on the perform- 
ance of circuit breakers in switching large capacitor banks 
at 34.5 kv, oscillographic records were made when the 
capacitor bank was placed in service. ‘The overvoltages 
produced on the 34.5-kv system when the capacitor bank 
was switched were usually less than 2.0 times the normal 
line-to-ground crest value but did reach a value of 2.4 times 
normal on one test. These overvoltages are within the 
range produced in the interruption of reactive currents. 

Although these overvoltages caused no damage to equip- 
ment on the 34.5-kv system, they did cause lightning- 
arrester failures on two 4-kv feeder circuits off the bus of a 
nearby substation supplied by the same 34.5-kv system. As 
no lightning arresters failed on the 4-kv feeders out of the 
substation where the capacitor bank was located, tests were 
made to determine the reason for lightning-arrester failures 
on the other 4-kv feeders. 

Investigation showed that a voltage surge at one voltage 
level, such as produced by capacitor switching, can set up 
relatively greater voltage oscillations at another voltage 
level under conditions of coupling and circuit constants. 

The 34.5-kv oil circuit breaker used to switch the capaci- 
tor bank was modified by auxiliary oil pistons after high- 
power laboratory tests indicated this design change to be 
most effective in reducing both the magnitude and number 
of overvoltages produced during the interruption of capaci- 
tor currents. ‘Iwo auxiliary oil pistons were added to each 
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7,290-kva capacitor bank installation 


Figure 2. 


De-ion grid in the circuit breaker. These pistons wer 
charged with oil on the closing stroke of the moving con 
tact. At the same time, a driving spring in each piston 
was compressed. On the opening stroke of the moving con= 
tact the auxiliary pistons, driven by the compressed springs, 
forced oil under pressure into the arc space to drive out the 
gases produced by arcing. The ends of the moving con- 
tacts were reduced in cross section so that the arc position 
was Closely determined and the oil passages formed in the 
upper section of the grid could be brought close to the arel 
Asa result, only a small quantity of oil needed to be pumped. 
After testing the modified interrupters under short-circuit 
conditions, a set was made to this design and installed o 
the circuit breaker to switch the 34.5-kv capacitor bank. 
A final series of 22 tests was made with these inter 
rupters switching the 34.5-kv capacitor bank. ‘There wa 
no damage to equipment; only one 
restrike and one reignition occurred. 
The maximum voltages mde 
were 2.1 times normal on the 34.5-kv 
bus at the capacitor bank location 
and 1.9 times normal on the 4-kyv 
bus of the nearby substation. 
After these tests the capacitor 
bank was put into service, being 
switched on and off each day. Dur- 
ing ten months of operation no dam- 
age to system or equipment occurred. 
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THERMAL anemometer with unusual sensitivity, 

accuracy, and ruggedness has been developed for 
aboratory and industrial use. It operates from a heated 
1oble metal thermopile which is placed in the airstream 
whose velocity is to be measured. The anemometer is 
sractically independent of temperature over a considerable 
"ange since both the hot and cold junctions are exposed to 
he airstream and are equally affected by ambient tem- 
serature. Radiation effects tend to cancel in the same 
manner. Thermopile probes of suitably chosen materials 
aave been used satisfactorily at temperatures as low as 
— 65 degrees Fahrenheit and to above 300 degrees Fahren- 
aeit. The outstanding feature of this anemometer is that 
the transient thermal voltage produced in the heated 
thermopile by sudden changes in ambient temperature is 
counterbalanced by the equal and opposite transient 
thermal voltage of an unheated thermopile located in the 
probe and exposed to the airstream whose velocity is being 
measured. ‘This arrangement compensates completely for 
rate of change of temperature. 

The unique circuit of this thermal anemometer permits 
construction of a thermopile to include any number of 
thermocouples necessary to insure sufficient electrical out- 
put with a minimum of temperature difference maintained 
between thermojunctions. ‘This temperature is limited to 
minimize the induced air circulation effect of the wire 
temperature on the very low velocity calibration. 

_ The thermopile consists of a series of thermojunctions with 

alternate junctions fastened to strong mounting studs which 
have high thermal conductivity: The thermopile is heated 
by an alternating current but flow of air tends to reduce the 
temperature of the thermopile wire. A thermal difference 
results between successive junctions which induces a d-c 
thermal voltage proportional to the temperature difference 
and bearing a direct relationship to the air velocity in ac- 
cordance with King’s equations. 
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The velocity-measuring range of this type of instrument 
can be varied through wide limits by changing the relative 
distances between the hot and cold junctions of the thermo- 
pile, and by varying the amount of heating current applied 
and the aerodynamic cooling. Practically any degree of 
sensitivity can be obtained. ‘Thermopile anemometers of 
the type described have been used for indicating and re- 
cording flow velocities as low as five feet per minute and 
as high as 400 miles per hour. Velocity calibrations on 
strip chart recorders are shown in Figure 1 for anemom- 
eters which were designed specifically for high sensitivities 
at opposite ends of the velocity range. 

An inexpensive 2-thermocouple instrument designed 
especially for use in air-conditioning, heating, and ventila- 
tion fields‘is small enough to be held in the palm of the 
hand while measuring velocities. This same unit permits 
incorporation of the thermopile element in a pipe or duct 
to measure the rate of flow of gas through the pipe. 

_ Among other problems to which the thermopile anemom- 
eters have been successfully applied are: measurement of 
ventilation between layers of clothing; studies of plant 
ventilation; and meteorological measurement of wind 
velocity. Pickup probes have been designed specifically for 
nondirectionality, and in other applications probes have 
been designed for high directionality for application to 
detection and measurement of flow angle. 

Due to the high response of the thermocouples employed, 
small and rapid air fluctuations have been measured by 
the use of high-frequency indicators and recorders. In 
other applications averaging is achieved by the use of well- 
damped long-period indicators and recorders. 
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Air-meter calibration on Brown strip char 
potentiometer a 


Figure 1. 


A Two-Range low velocity calibration on a Brown 11- 
inch strip recorder 
B High range velocity calibration on an Esterline- 
Angus 5-inch strip recorder 
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A-G Motors for Oil-Well Pumping 


M. H. HALDERSON 


ANY TYPES of a-c 

motors have been used 

for oil-well pumping: 
Open wound-rotor motors 
were used almost exclusively 
prior to 1930. Since 1930 
the electrical characteristics 
of motors installed for oil-well 
pumping range from normal 
torque, normal slip, normal 
starting current to high torque, 8- to 13-per cent slip. 
Frame types range from open to explosion-proof. The 
diversity of types of motors used for oil-well pumping 
suggests that the various types are equally desirable, but this 
is not the case. Experience and a more fundamental 
approach to the evaluation of motors now make it possible 
for oil producers to select the type of motor that costs the 
least per horsepower capacity and that has the most desir- 
able characteristics for the conditions encountered in 
driving pumping units. 

Factors that must be considered in selecting motors for 
oil-well pumping are the type of load, starting requirement, 
initial cost of motors, and the fact that the motors must 
operate in the open. Evaluation of available motors with 
respect to these factors leads to the conclusion that high- 
torque 5- to 8-per-cent-slip motors in a dripproof or 
protected frame should be purchased for installations 
where polyphase electric power is available. ‘Two-valve 
capacitor-type motors in a dripproof or protected frame 
are preferred where single-phase power must be used. 

Motors with 5- to 8-per cent slip are preferred for driving 
pumping units because they have the best starting charac- 
teristics and because, compared to normal-slip motors, 
they will carry 35 per cent more load per name-plate 
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Figure 1. Electric-motor-driven pumping unit 
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Studies have been made to determine the most 
desirable motors to be used for oil-well pump- 
ing. From consideration of the type of load, 
starting requirements, cost, and operating con- 
ditions it was found that high-torque motors 
with 5- to 8-per cent slip will give best service 
on polyphase lines and 2-value capacitor-type 
motors will be best on single-phase lines. 
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rating, will operate with 20 
points higher power factor, 
and will operate with 25 per 
cent less peak power input. 
Dripproof or _ protected 
frames are preferred because 
motors built in these frames 
have the greatest thermal 
capacity per dollar invested 
and because experience has 
shown that these frames provide ample protection. 

Load characteristics are such that motors installed on 
pumping units cannot average an output equal to name 
plate rating without being thermally overloaded. Based 
on tests in the field, the recommended procedure for sizing 
the two types of motors most frequently used for oil-well 
pumping is to assume that 5- to 8-per-cent-slip motors can 
average an output equal to 76 per cent of name-plate 
rating and that normal slip motors can average an output 
equal to 56 per cent of name-plate rating. 

Motors rated 440 volts have been standard for oil-well 
pumping. Consideration of Y-connecting 440-volt motors 
to permit operation at 760 volts is recommended where 
wells are spaced greater than 660 feet apart and whe 
motors larger than 25 horsepower will be used. 


ELECTRICAL CHARACTERISTICS 


a characteristics available for polyphase motors 
include (1) normal torque, normal slip, normal 
starting current; (2) normal torque, normal slip, low 
starting current; (3) high torque, normal slip, low starting 
current; (4) high torque, 5- to 8-per cent slip; and (5) 
high torque, 8- to 13-per cent slip. Although catalogue 
literature does not always so state, 5- to 8-per-cent-slip 
and 8- to 13-per-cent-slip motors have low starting current. 

Selection of the electrical characteristic best suited for 
driving pumping units is based on the starting requirement, 
the performance of motors with the various characteristics 
when applied to the load encountered on pumping units, 
and the initial cost of motors. Data on the performance 
of the high torque, 8- to 13-per-cent motors are not available 
and conclusions regarding 8- to 13-per-cent-slip motors 
are based on their initial cost and estimates of their per- 
formance compared to other types of motors. 


STARTING REQUIREMENTS 


| Eis 1 shows a typical electric-motor-driven pumping 
unit. The majority of such installations are started 
automatically, and an essential requirement is that motor 


Full text of a conference paper presented at the AIEE Fall General Meeting, Oklahoma 
City, Okla., October 23-27, 1950. Recommended by the AIEE Petroleum Refining 
and Production Subcommittee, i 


M. H. Halderson is with Phillips Petroleum Company, Bartlesville, Okla. 
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Figure 2. Load im- 
posed on the speed 
reducer of a properly 
counter balanced 
pumping unit 
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arting torque be great enough to start the pumping unit 
ithout the assistance of an operator. Measurements of 
1€ torque required to start pumping units are not available, 
ut experience has shown that motor starting torque must 
€ greater than that required for ordinary continuous- 
srvice applications. Numerous installations have been 
1ade where pumping units could not be started without 
ocking the beam of the pumping unit. There also have 
een instances where motors could not start pumping 
nits even though the motors would have been of sufficient 
ize to operate the units had starting been possible. 

Motors for oil-well pumping should have both high 
farting torque and low starting current to insure positive 
farting and minimum cost for distribution lines. Starting 
orque developed by a motor installed on a pumping unit 
; determined by the locked rotor torque of the motor at 
ated voltage and also by the terminal voltage during the 
tarting period. Line-voltage drop during starting is more 
ritical than is sometimes realized because starting torque 
aries as the square of the voltage and because motors may 
ye as far as a mile from the source of low-voltage power. 
ss often as not, the minimum size of wire required for 
listribution lines is determined by voltage drop on starting 
ather than voltage drop on running. 

Normal-torque normal-slip low-starting-current motors, 
vhich have a locked rotor torque of 135 to 160 per cent of 
ull-load torque, will usually start pumping units providing 
he motors are sized 50 per cent larger than required to 
arry the running load without being thermally overloaded 
nd provided the terminal voltage on starting is not less 
han 84 per cent of rated. The practice of using normal 
orque motors is not economical because it results in higher 
nitial investment for motors and often requires increased 
Avestment in distribution lines. 

High-torque normal-slip low-starting-current motors, 
yhich have 200 to 250 per cent starting torque and 525 
o 700 per cent starting current, will start pumping units 
n almost all cases provided voltage on starting is not less 
han 84 per cent of rated voltage. 

High-torque 5- to 8-per-cent-slip motors have 275 to 
50 per cent starting torque and 500 to 625 per cent starting 
urrent. These motors have the best starting characteris- 
ics and frequently will permit the use of smaller wire for 
ne than tl.at required for high-torque normal-slip motors. 

High-torque 8- to 13-per-cent-slip motors have starting 
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characteristics similar to 5- to 8-per-cent-slip motors, but 
their initial cost is 20 per cent higher than that of 5- to 
8-per-cent-slip motors. The purchase of 8- to 13-per-cent- 
slip motors is not justified, therefore, from the standpoint 
of starting characteristics. 


PUMPING LOAD 


j Bete ace the relative merits of the various types of 
motors for oil-well pumping service is difficult 
because of the type of load encountered. The pumping 
load is generally characterized by high peaks and wide and 
rapid load variation. However, the exact load-versus- 
time relationship is influenced by many factors and is 
different for each installation. This makes it impossible 
to reach general conclusions from a test of one installation. 

Figure 2 illustrates the variation of speed-reducer torque 
with time for a counterbalanced pumping unit. Actual 
curves of reducer torque versus time are irregular in various 
ways, but the load variation and the relative position of 
load limits with respect to the average load are typical. 
Pumping speed ranges in practice from 4 to 30 cycles, 
or strokes, per minute. During each stroke, there are 
two peaks and two valleys. The valleys are usually 
negative, that is, occur at a time when energy is being 
transferred from the crank to the speed reducer. The 
ratio of peak load to average load depends on pumping 
conditions and ranges from 1.8 to 4.0. 


MOTOR LOAD 


HE LOAD ON a motor that drives a given pumping unit 
depends upon the electrical characteristic of the motor 
as well as the load cycle on the speed reducer of the pumping 
unit. High-slip motors vary more in speed with change in 
load than do normal-slip motors. The greater speed 
change causes the inertia of the rotating parts of the 
system to store more energy during the minimum load 
periods and release more energy during the peak load 
periods. The result is that input power peaks and over-all 
load variation are always less with 5- to 8-per-cent-slip 
motors and 8- to 13-per-cent-slip motors than with normal- 
slip motors. Averages of field measurements show that 
peak power input will be 25 per cent less than 5- to 8- 
per-cent-slip motors than with normal-slip motors. 
Figure 3 is an example of the reduction in peak load and 


T T—7- ) 
i a 
“ITP EAK 343 KW! 


w s 
(syne) 


8 


CRANK 
REVOLUTION 


MOTOR POWER INPUT- KW 
fe) 


REVOLUTION 
TiME=—= 


Figure 3. Change in motor load resulting from a change in the 

per cent slip of a motor. (A) Power input to a 25-horsepower 

normal-slip motor driving a pumping unit 22.2 strokes per minute; 

(B) Power input to a 25-horsepower 5- to 8-per-cent-slip motor 
driving the same unit 21.6 strokes per minute 
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Table I. Tests of Pumping Motors 
High Torque, High Torque, 
Normal Slip 5 to 8% Slip 

UNE DeruOR tEStS 57. cisiy © cans, sais evenet ater ahi, <ieuercucta cus 6 t giietaicrsil A 
Average of rms currents in per cent of rated........ 99 sysve sip 9D 
Range of rms currents in per cent of rated......... LOR olga Fa nia ae 83 to 118 
Average of power factors.........0+0000ce0ee+-+2+ 0.499 . 0.698 
Range af power factors; )..cae acy. se eae ns seinen ) OL 40ItO Ooi . 0.59 to 0.81 
Average of derating factors,....t 2 <-<a0maseeeeels ONS 835” meen ast 0.796 
Ranperor-cerating: factors yie4.cedsiajas+« ajetere ren sisal vier se Os 5) LOROMOD). aiakamate 0.68 to 0.91 


over-all load variation that resulted from changing the 
characteristic of the motor driving a given pumping unit 
from normal slip to 5- to 8-per cent slip. Power input 
limits and the time relationship of the limits are actual. 
Curves connecting the power limits are approximate. 
Figure 3 and similar exhibits show that the use of high- 
slip motors instead of normal-slip motors will result in 
less fluctuation in line voltage and will result in lower 
peaks and less load variation on generating plants that are 
installed in the field to serve a group of oil-well pumping 
units. Other measurements are required to reach con- 
clusions regarding the relative efficiency, power factor, 
and load-carrying capacity of normal-slip and high-slip 
motors when used as prime movers for pumping units. 


LOAD CARRYING CAPACITY AND POWER FACTOR 


| Big of the high load peaks and wide load variation, 
motors that drive pumping units cannot continuously 
average an output equal to name-plate rating without 
being thermally overloaded. In other words, derating 
of motors is necessary to prevent thermal overload. ‘Tests 
under actual pumping conditions are required to find the 
per cent of rated load that motors can average when driving 
pumping units. Measurements made on such tests must 
give either by direct reading or by calculation (1) rms 
current and (2) average motor power input. Rms current 
may be measured directly with a thermal ammeter. 
Average power input may be obtained from a watt-hour 
meter with a demand attachment or by calculation after 
first timing the disk on a watt-hour meter to get disk 
revolutions per minute. Having obtained rms current 
and average motor input, a measurement of terminal 
voltage will permit the calculation of power factor. 

Measurements taken during 17 tests of motors driving 
pumping units gave results shown in Table I. Normal-slip 
motor sizes ranged from 20 to 60 horsepower. Motors 
with 5- to 8-per cent slip ranged from 10 to 60 horsepower. 

Derating factor is defined as the ratio of average motor 
output on a pumping load to the output that the motor 
would develop on a steady load at the rms current measured 
on a pumping load. If rms current is near the rated motor 
current, the derating factor becomes the factor by which 
motor name-plate rating should be multiplied to give the 
average output that a motor can develop on a pumping 
load without being thermally overloaded. 

For average oil-well pumping applications, the test 
data show that normal-slip motors can develop 58 per cent 
of name-plate rating and that the 5- to 8-per-cent-slip 
motors can develop 80 per cent of name-plate rating. 
For the most severe conditions, normal-slip motors can 
carry 51 per cent of rating whereas 5- to 8-per-cent-slip 
motors can carry 68 per cent of rating. Derating factors 
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‘per cent of all pumping unit installations. 
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of 0.56 for normal-slip motors and 0.76 for 5- to 8-per 
cent-slip motors are considered adequate for 85 to 9% 


Derating factors as determined from tests on pumping 
motors show that 5- to 8-per-cent-slip motors can average 
35 per cent higher output per name-plate rating thar 
normal-slip motors. Five- to 8-per-cent-slip motors cost 
2 to 5 per cent more than high-torque normal-slip motor 
for sizes up to and including 20 horsepower and, with fey 
exceptions, cost 15 to 17 per cent more than high-torqueé 
normal-slip motors in sizes above 20 horsepower. Thi 
net result is that 5- to 8-per-cent-slip motors give the ot 
producer 15 to 30 per cent more horsepower capacity pe 
dollar invested than do high-torque normal-slip motors 
This fact alone justified the purchase of 5- to 8-per-cent-slif 
motors for oil-well pumping. 

Tests on 8- to 13-per-cent-slip motors are not available 
but justification for their purchase in preference to 5- t¢ 
8-per-cent-slip motors is doubtful. Motors with 8- t 
15-per cent slip cost 20 per cent more than 5- to 8-per 
cent-slip motors and it is not likely that they will have 
great a horsepower capacity per dollar initial cost as 
to 8-per-cent-slip motors. 

Power factor for 5- to 8-per-cent-slip motors was founc 
on tests on oil-pumping operations to be 20 points highe 
on the average than the power factor for normal-shij 
motors. Therefore, the use of 5- to 8-per-cent-slip motor 
instead of high-torque normal-slip motors will either (1 
reduce investment for capacitors if power factor correctio; 
is required, (2) permit smaller size of wire for line, or (3 
result in less distribution system loss for the same wire siz 
if power factor is not corrected. 


MOTOR EFFICIENCY 


of Bee EFFICIENCY of high-torque normal-slip motors of 
steady loads is three to five points higher than the 
efficiency of 5- to 8-per-cent-slip motors. Which of thi 
two types of motors is the more efficient on the fluctuati 
load encountered in oil-well pumping is still net knowi 
with certainty and is difficult to establish: To answe 
the question, tests must be made on many wells to determin 
the kilowatt hours used per barrel of liquid lifted by th 
two types of motors when pumping a given well at the same 
stroke and strokes per minute. Obtaining such tests 1 
difficult because of the expense and down time require 
for changing motors, the difficulty of obtaining the moto 
sizes required to make the test with the two types of motor 
operating at near the same thermal load, frequent lack ¢ 
facilities to obtain accurate production tests, and frequen 
inability to obtain motor sheaves to operate at the sam 
strokes per minute with the two types of motors. 

Results of tests on three different wells where kilowat 
hours used per barrel of liquid lifted were determined with 
both normal-slip and 5- to 8-per-cent-slip motors af 
given in Table II. These tests were made in an oil fiel 
where the productivity of individual wells was practicz 
constant. ‘The time between tests with the two types” 
motors on a given well ranged from three to five days. 

Lift efficiencies of normal- and 5- to 8-per-cent-slip moto! 
were practically the same on the tabulated tests. Therm 


ELECTRICAL ENGINEERIN 


ad for the two types of motors was nearly the same 
iring only one of the tests and there was some difference 
| strokes per minute in all cases. Until sufficient tests 
"€ made to show a trend one way or another, the efficiencies 
-normal-slip and 5- to 8-per-cent-slip motors will be 
mnsidered equal for oil-well pumping applications. 


MOTOR PROTECTION 


RDINARY thermal overload relays will not protect 
5- to 8-per-cent-slip motors from stalled single phase. 
his is not necessarily a disadvantage because stalled 
ngle phase is prevented by either one or the other of two 
evices that are usually incorporated in oil-well motor 
mntrols. One of these devices is the undervoltage relay. 
he other is the time-delay relay, a device that is used to 
art motors automatically one at a time after restoration 
f power following an interruption. Where a time-delay 
slay is used, the coil of the magnetic switch is connected 
cross one phase and the time-delay relay is connected 
cross another phase. Then the elements will not pick 
p after an outage until 3-phase power is restored. 


SINGLE-PHASE MOTORS 


ARE instances where only single-phase power is 
available. ‘Types of single-phase motors that can be 
sed for oil-well pumping service include capacitor start, 
iduction run; repulsion-induction; repulsion start, in- 
uction run; and 2-value capacitor, sometimes called 
apacitor start, capacitor run. 

The 2-value capacitor motors are preferred for oil-well 
umping service. ‘These motors have electrical charac- 
ristics similar to 3-phase high-torque normal-slip motors; 
1ey are as simple in construction as 3-phase induction 
10tors, operate with 8 to 20 points higher power factor than 
ther types of single-phase motors, and sell for the same 
rice as other types of single-phase’motors. 


FRAMES 


umpPinc motors are installed in the open to simplify 
. the entire installation and reduce installation cost. 
‘ypes of frames that are available for outdoor service 
iclude totally enclosed fan-cooled; splashproof; protected 
ame; and dripproof. The various frames obviously give 
ifferent degrees of protection against entrance of water, 
ut experience has shown that all of these are satisfactory 
wr outdoor service with the possible exception of the rare 
stances where motors may be buried in snow. Some 
perators believe that housing is justified where motors 
yay be covered with snow. Water will enter dripproof 
jotors during driving rain storms. This has not been 
yund to cause winding deterioration provided provision 
made for drainage of water out of the motor. 


able II. Determination of Energy Used to Pump One Barrel 


of Liquid 
Strokes per Rms Current in Kilowatt Hours 
Stroke Minute Per Cent of Rated per Barrel 
Lacties Normal 5to8% Normal 5to8% Normal 5 to 8% 
OMEN ors,'3c4, a's DO veaiere ABs Griese TOR ric OF UBIO eso 84.6.....0.528..... 0.525 
a AAs 3.0 PAD Se ree OO eOrnicns GBr, Duvielels 61.605, 2 OL 4ST aa 0.503 
BENG T, sce ss 15 ere NT Sas nse (ITANUER Seca RAR ec SleBa sel UGS Servet: 0.636 


_Y-connected to operate at 760 volts. 
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Table If]. Capacity per Dollar Invested 
Protected Totally ui 
Frame and Enclosed, 
Dripproof Splashproof Fan-Cooled 
Rated temperature rise, degrees centigrade...... OI reiere ate are BOP siaiiceers 55 
Relative horsepower capacity................. LOO acer: 0.895. ae eo 0.853 
Relativetnitial cost james nee soe se eae UAL User een ORS attra 1.38 
Relative horsepower capacity per unit cost ..... De OU esa nieictal O85 oa atstaierse 0.62 


In some areas, for example the Borger Field in the Texas 
Panhandle, rodents will build nests in the air passageways 
of motors installed on pumping units. Air inlet and outlet 
openings of any type of motor must be covered with !/- 
inch mesh screen where this condition exists. 

Users will get the most horsepower capacity per dollar 
invested by purchasing protected-frame or dripproof motors. 
Specifically, dripproof and protected-frame motors have 
20 per cent more horsepower capacity per dollar initial 
cost than splashproof motors and 61 per cent more capacity 
per dollar initial cost than totally enclosed fan-cooled 
motors. Derivation of the percentage figures is given in 
Table III. 

Horsepower capacity per unit cost for dripproof and pro- 
tected-frame motors compared to splashproof=1.00/ 
0.83=1.20. Horsepower capacity per unit cost for drip- 
proof and protected-frame motors compared to totally 
enclosed fan-cooled =1.00/0.62 =1.61. 

In addition to giving users the greatest capacity per 
dollar invested, the 40-degree-centigrade protected-frame 
and dripproof motors have a service factor of 115 per cent. 
This is a very desirable feature in view of the type of load 
encountered in driving pumping units. 


VOLTAGE RATING 


tT Bis Most widely used voltage rating for oil-well pump- 
ing motors has been 440 volts. This voltage rating 
has been adequate for loads up to 25 horsepower and for 
installations where the distance between wells did not exceed 
660 feet, the distance between wells on 10-acre spacing. 
For loads greater than 25 horsepower and where the 
distance between wells is greater than 660 feet, a voltage 
rating between 440 and 2,400 volts would be desirable 
provided the cost of motors and controls for the intermediate 
voltage would not more than offset savings in the cost of 
distribution lines. 

To obtain an operating voltage between the 440 and 
2,400 volts without paying premium prices for motors and 
controls, the Humble Oil and Refining Company has made 
a number of installations where 440-volt motors were 
Performance of the 
760-volt system has been reported to be satisfactory when 
the motor neutrals have been grounded, thereby limiting 
the maximum voltage to ground on any portion of the 
motor to 440 volts. 

Consideration of the 760-volt system is recommended 
for installations where motors will be larger than 25 horse- 
power, and where the distance between wells will exceed 
660 feet. This recommendation is made because the trend 
is toward wider spacing of wells. 
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Simplified Subscriber Toll Dialing 


ERIC BROOKE 


MEMBER AIEE 


S MORE and more telephones are converted to dial, 
the elimination of operators presents the problem of 
automatically preparing billing information for toll calls 
between dial exchanges. A practical solution appeared 
to be an automatic ticketing trunk on which a billing record 
can be prepared at the same time as the connection is 
established. 
Low cost necessitates thought along different lines from 
automatic ticketing systems in present use. Distinguishing 
features of this new system are: 


1. Calling station identifies itself by the subscriber 
dialing his own number. 

2. The recorder is a simple tape punch mechanism 
perforating a single row of holes. 

3. Direct recording—no translating. 

4. Each trunk has its own recorder to eliminate storage 
and connecting circuits. 


A check is provided to verify that the dialing was re- 
ceived from the line indicated. ‘The method of recording 
information uses the dialed pulses without any translation, 
each digit being represented by a line of holes perforated 
along a tape. The recorder consists of a punch magnet 
and a stepping magnet to feed the tape. 

The equipment involved in the automatic ticketing 
system is shown in Figure 1. The timer and calendar 
can be common to an entire office. Trunk terminations 
consist of relay circuits involving relatively few relays 
above those required for normal operation of the trunk 
system. 

To place a call, a subscriber first dials the trunk code, 
then his own number, and then the number at the distant 
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Figure 1. Block diagram of automatic ticketing trunk and checking link 
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exchange. Other functions are the same as on loca 
exchange calls. 
Upon dialing a trunk code, the trunk seizes a check 
link. When the subscriber dials his own number, the 
impulses are registered on the recorder and also operate 
the check link. At the completion of the dialing, the trur 
circuit “‘flashes” the regular link. This supervision 
picked up by the check link and carried back to the trun! 
to verify the identity of the calling line. If an incorrect 
number has been dialed, then there is no connectior 
through the check link and the signal is not received 
Busy tone is returned and further dialing is blocked 
Immediately after the check has been made, the checl 
link is released. 
Figure 1 shows the path of verification with a regulai 
link by solid line or with a special link by means of a dotted 
line. 
Answering the call starts the timer and punches one holt 
in the tape. At each successive minute, another hole i 
punched. The total number of holes represents the tota 
chargeable time. 
Upon release, the exchange links are released, but th 
trunk and recorder are held for the calendar, which record) 
date and time of day before releasing the trunk. 
In the design of the trunk and recorder, simplicity anc 
low cost were of prime consideration. In translating thi 
information for billing purposes, more latitude is available 
The following methods are possible: 
1. Directly count the perforations on the tape, perhap 
using an indicator to show the number of perforation: 
without requiring physical counting. 
2. Feed the tape through a simple mechanical or phote 
electric sensing device which con 

verts the impulses so generated t 

actuate a display panel of register 

so that this information may bi 

copied on ticket, or automaticall 
photographed. 

3. Translate the information from 

the sensing device to operate circuit 

which would prepare standard bust 

ness machine punch cards to be useé 

in automatic accounting. 

Tiruiet The equipment used would de 
OTHER pend upon the volume of tapes t6 
at be handled. 


Digest of paper 50-227, ‘Simplified Subscriber Tol 
Dialing for Low-Rate Low-Density Toll Circuit: 
Between CDO’s,” recommended by the AIEE Con 
mittee on Communication Switching Systems am 
approved by the AIEE Technical Program Committee 
for presentation at the AIEE Fall General Meeti 
Oklahoma City, Okla., October 23-27, 1950. 
lished in AIEE Transactions, volume 69, part I 
1950, pages 1417-20. 
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Thermal Transients on Buried Cables 


Path. BULLER 
MEMBER AIEE 


HERMAL TRANSIENTS on cables have an im- 

portant bearing on the emergency rating of a cable, 
matter which is receiving increasing attention because 
its economic as well as its technical importance. 

The problem of thermal transients on cables in air has 
cen solved; and formulas are available by means of 
hich such transients can be calculated to any desired 
sgree of precision, if the necessary constants are known. 

In the case of directly buried cables, however, while 
veral formulas are available, they are either semiempirical 
. character (like the simple exponential formula and the 
‘ponential series formula), or, if derived mathematically, 
ley are based on simplifying assumptions which represent 
stual operating conditions only approximately. The 
<ponential integral formula (and the Ingersoll integral 
rmula which gives the same results) are based on a line 
yurce of heat and its image. ‘These formulas are satis- 
tory for large values of time, but not always for small 
alues. 

Carslaw and Jaeger! have presented more complicated 
rmulas, based on a cylinder source with and without in- 
srnal thermal capacity; and Knudsen? has proposed for a 
asic assumption the use of two Bessel cables in series, one 
) represent the cable and the other the surrounding earth. 
nudsen’s assumptions leave nothing to be desired from 
1e standpoint of accuracy; unfortunately, he does not 
10w how to apply them when the second Bessel cable 
epresenting the earth) is infinitely long. 

A new formula has been developed based on the as- 
umptions shown in Figure 1. The cable, approximated 
y lumped constants, is placed in series with an infinite 
essel cable representing the earth. The effect of the 
arth’s surface may be taken into account by a suitably 
laced image. Equations are developed for the copper 
smperature 7,, the surface temperature of the cable T,, 
nd the temperature at any point in the earth surrounding 
1e cable 7,. 

These formulas, while practical for refined calculations, 
re unfortunately too complicated and too difficult to 
pply in everyday work, where speed is important. ‘They 
re, however, of value as a standard of comparison, whereby 
ue accuracy of other and simpler formulas may be cor- 
sctly judged. By using these new formulas, it has been 
yund that the exponential integral formula, with a suitable 
mpirical correction term as shown in equation 1, is ac- 
urate enough for most practical work. 


__ Wop" 4 — f Kat So [ _#'Q sa 1 
= Mel (Fe) + 2) oe ee (1) 


In equation 1, 7; is the cable surface temperature in 
egrees centigrade; Wp is the loss in the cable in watts 
er centimeter; /’ is the soil thermal resistivity, degrees 
entigrade-centimeter per watt; r is the cable radius 
1 centimeters; & is the thermal diffusivity of the soil 
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Figure 1. Equivalent circuit of cable buried in infinite earth 


square centimeters per second units; ¢ is time in seconds; 
Q is the thermal capacity of the cable (or pipe) and its 
contents in watt-seconds per degree centigrade per centi- 
meter. 

A simple formula involving the addition of exponential 
terms to the cable surface temperature suffices for the 
calculation of the copper temperature with sufficient 
accuracy for practical purposes. This is equivalent to 
adding the effect of the thermal resistances and capacitances 
inside the cable directly to 7, as though they were inde- 
pendent of 7,. The exact and approximate formulas 
agree very well with tests; the discrepancy between the 
exact and approximate formulas is small enough to permit 
the use of the approximate formula with acceptable 
accuracy for most everyday calculations. 

The following conclusions were reached: 


1. All present techniques for calculating temperature 
transients on buried cables have theoretical limitations. 

2. A more accurate formula has been developed in 
which these theoretical limitations are overcome. While 
too complicated for an everyday working formula, it forms 
an acceptable standard of comparison against which such 
formulas can be checked. 

3. The exponential integral formula, with a simple 
correction factor, is a good formula for calculating T,. 

4. Copper temperatures may be calculated with fair 
accuracy by adding the effect of the thermal resistances 
and capacitances inside the cable directly, as though they 
acted independently, and neglecting coupling between the 
earth part of the circuit and the interior of the cable. 

5. The formula does not apply to cables in ducts. 


REFERENCES 


1. Conduction of Heat in Solids (book), Carslaw, Jaeger. 
London, England, 1947. } 


2. Temperature in Oil-Filled Cables Buried in Earth, H. L. Knudsen. 
Institution of Civil Engineers of London (London, England), 1949. 


Oxford University Press, 


Paper 478-11, 


Digest of paper 51-9, “Thermal Transients on Buried Cables,” recommended by the 
AIEE Committee on Insulated Conductors and approved by the AIEE Technical 
Program Committee for presentation at the AIEE Winter General Meeting, New York, 
N. Y., January 22-26, 1951. Scheduled for publication in AIEE Transactions, volume 
70, 1951. 


F. H. Buller is with the General Electric Company, Schenectady, N. Y. 


603 


The Goerges Phenomenon | 


H. L. GARBARINO 


ASSOCIATE AIEE 


HE INDUCTION motor with unbalanced rotor re- 

sistances was first studied by Hans Goerges more than 
50 years ago.! Early investigations were concerned with 
one particular phase of the problem: the single-phase rotor. 
It was found that the wound-rotor motor with one rotor 
phase opened could be operated stably near half-speed, 
either as motor or generator. A singular feature noted by 
Goerges was that the efficiency of the motor with single- 
phase rotor was much higher than that of the balanced 
motor operated at the same speed with external resistances. 
Subsequent study of the problem has been motivated by the 
need for a simple method of speed control. Rotor un- 
balance has had to be considered in the application of 
resistance controllers for speed variation and starting, be- 
cause this equipment usually is unbalanced at many of the 
stepped positions. 

This unbalance problem can be analyzed by the use of 
symmetrical components, since this method is particularly 
suited to multiphase problems in which the electrical quan- 
tities are only partially unbalanced. The only unbalance 
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Complete equivalent circuit for two equal impedances 
in the rotor circuit 
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Figure 2. Torque-speed characteristics obtained from tests with external resist- 


ance in one rotor phase (R is referred to stator) 
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E.A2T. BVGROSSs 
FELLOW AIEE 


is here introduced at the slip rings of the motor. The slip 
ring voltages may be resolved into positive and negative 
sequence components, and_an equivalent circuit derivec 
for each sequence in the same manner as for the conven 
tional treatment of the balanced induction motor. If tw 
of the external rotor impedances are equal, one equivalen 
circuit is obtained from which all motor sequence curreni 
can ‘be related, as shown in Figure 1, where <, and <, are 
two equal external impedances, /; and J, are respectivel} 
positive sequence stator and rotor current of applied ane 
of slip frequency, J; is negative sequence rotor current ¢ 
slip frequency, and J, is negative sequence stator curren 
of a lower than supply frequency which is impressed int 
the power supply lines as a result of the unbalance. Afte 
these sequence currents are found, current, input, electrica 
torque, and losses may be calculated readily. 

Tests were made in the laboratory at Illinois Institut 
of Technology, Chicago, Ill., on a motor-generator set 
having a 5-horsepower induction motor. Results for on 
condition of unbalance are shown in Figure 2, with elec 
trical torque versus speed given for. several values of a 
external resistance in one rotor phase. Because of th 
limited capacity of the coupled machine, tests could no 
be made in the unstable region, and the curves have beet 
approximated there. The tests agreed very well with 
calculated characteristics based on the equivalent circu 
It is seen from Figure 2 that as R is decreased, the torque 
speed curve becomes more nearly like that of the balanced 
rotor. The tests and calculations showed that several cor 
ditions of rotor unbalance exist which give a high torqué 
at reduced speed without exceeding the motor rating. 

It is found that desirable characteristics of the motor wit 
unbalanced rotor are: stable operation at two speeds 
near-half-speed and near-synchronous 
speed; a high operating efficiency a 
half-speed; and the possibility of greate 
speed variation available for intermittent 
or for emergency operation. Disadvan 
tages are: the low power factor; de 
creased pull-out torque; subfrequency 
currents impressed into the supply lines 
and vibrations caused by pulsating torque 
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Systematization of Tube Surveillance 


in Large Scale Computers 


H. W. SPENCE 


HE ENIAC, a high-speed electronic computing 

machine, was designed in the most conservative 

manner possible known at the time. However, oper- 
ting experience at the Computing Laboratory of the Ballistic 
esearch Laboratories has shown that a more thorough 
nowledge of the behavior of systems involving large 
umbers of vacuum tubes would have led to different 
esign procedures. 

To correct certain unforeseen defects in the ENIAC and 
> accumulate data for guiding the designing of new equip- 
aent and tube-testing proce- 
ures, a program of detailed 
ube surveillance was inaugu- 
ated at the beginning of 1950. 
ystematic records are kept 
yy recording all the informa- 
ion relating to the service 
fe of each tube on punched 
ards. One card is used per 
ube. Items recorded on the 
ard are: the tube type, kind 
fuse, hours of life, manu- 
acturer, panel location, type of failure, previous service, 
reheating schedule, date, and test readings. This system 
ermits great flexibility in processing the information by 
neans of standard International Business Machines equip- 
aent and by the ENIAC itself. 

In general, certain unusual conditions are present in this 
rogram which should be noted before applying the results 
f this study to other operations. First, both the filament 
nd plate voltages are applied at all times and the system 
3 in operation 144 hours per week. ‘This procedure has 
een established because it provides the most economical 
tilization of the equipment. Second, all the tubes in a 
aulty circuit are replaced at once and those removed from 
he system rechecked. Bad and marginal units are dis- 
arded. 

‘In the other types of service wherein only failures are 
emoved from service and marginal elements are not, 
mnger service life would be achieved. 


TUBE REPLACEMENT AND TESTS 


ARE approximately 18,000 tubes in the ENIAC. 
They are divided according to types as follows: 35 per 
ent are 6SN7’s, 22 per cent 6L6’s, 14.1 per cent 6SA7’s, 
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Ninety per cent of the service interruptions of 
ENIAC at Aberdeen Proving Ground are caused 
by vacuum-tube failures. 
surveillance program was conducted wherein 
faulty tubes were detected and replaced. How 
such tubes were tested and their histories 
gathered is described together with the pre- 
liminary findings. 
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8-per cent 6SJ7s, 6.5 percent 6GL7s; 1.6 per cent GJas 
7 per cent 6V6’s, 1.6 per cent 6Y6’s, 2.5 per cent 6AC7%s, 
and 1.8 per cent 807s. Blanket changes in such a large 
number of tubes are impractical because the incidence of 
failures during the first 1,000 hours of life greatly exceeds 
the failure rate that exists after this period. On the other 
hand, replacing one tube at a time is undesirable because 
isolation of a single faulty tube requires expensive time- 
consuming tests. A compromise between these two ex- 
tremes is most economical. When a malfunction is dis- 
covered, it is traced to a par- 
ticular circuit. Then all the 
tubes in the circuit are re- 
placed; there may be one to 
eleven tubes in this group. 
This procedure eliminates bad 
combinations of marginals as 
well as complete tube failures. 
Satisfactory elements are re- 
moved also. Therefore, it is 
necessary to test all removals. 
Good units are placed in 
storage; marginal and bad elements are discarded. Faulty 
circuits are detected by means of two types of control 
tests. 

Operational tests, utilizing a check problem, detect mal- 
functions by comparing the result to a known correct 
answer. ‘These tests are used for two purposes: first, for 
marginal checking, that is, the detection of weak tubes; 
second, as a guide to machine condition during long periods 
of problem operation. Marginal checking is achieved 
by increasing the speed of machine operations. This 
is accomplished easily in the ENIAC because of the 
synchronization of operations by a central pulse system. 
A pulse rate of 125 kc is used for this type of checking. 
Operational tests, used as an indication of machine condi- 
tion, consist of sample calculations of the problem being 
solved and are made periodically under normal opera- 
ting conditions. Normal operation involves the transfer 
of information pulses at rates which range between 60 and 
100 ke. 

Oscilloscope tests are used to inspect and measure pulses. 
Corrective action is taken when these pulses do not con- 
form to the prescribed shape or amplitude. The acceptance 
limits are set above the operational level necessary for 
correct circuit performance. Oscilloscope tests are more 
satisfactory than the operational tests for preventive main- 
tenance; however, they are difficult to devise so that ma- 
chine time is conserved. All tests are run at least once a 
week or as the need is indicated by the operational tests. 


A 5-month tube 
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When oscilloscope tests are used for detection, defective 
tubes are removed sooner than with operational tests. 


TUBE STANDARDS 


[P.HE ROUTINE which has been established for handling 

tubes from the time they are received until they are 
discarded is shown in Figures 1 and 2. Voltage is applied 
to the filament of a new tube for a minimum of 50 hours. 
It then is tested and may be rejected or passed. Good 
tubes are color-coded to designate the type of service in 
which they will serve and are stored until used in the 
machine. 

When a tube is placed in service in the computer, the 
reading of an hour counter, incorporated in the equip- 
ment, is stamped on the envelope. It stays in service until 
it is removed because of circuit failure and then is placed 
in a panel collection box. The tube is tested then and either 
discarded or reclassified and sent to the reserve storage. 
There are three general classes of tests. They disclose the 
condition of emission and cutoff and the presence or ab- 
sence of short circuits. 

The emission tests measure the current flow to the plate 


and screen with the control grid or grids at cathode poten- . 


tial. The voltages and currents specified in the standards 
have been established by experience and are shown in 
Table I. 

Tests to determine tube performance when grids are 
operated at certain prescribed potentials are performed as 
follows: 


1. Measure the plate current at cutoff voltage of the 
first grid, the third grid being at cathode potential. 

2. Measure the plate current at cutoff voltage of the 
third grid, the first grid being at cathode potential. 

3. Measure the plate current with both the first and 
third grids at cutoff voltage. 

4. Measure the screen current at the cutoff voltage of 
the first grid. 

5. Measure the ion and leakage current of the first 
grid with it at cutoff voltage. 

6. Measure the ion and leakage current of the third 
grid with it at cutoff voltage. 


Table II shows the cutoff voltages and maximum currents 
used. ‘The plate and screen voltages for these tests are 
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Figure 1. Path followed by tubes before installation in the 
computer 
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2. MANY CONTROL TESTS MADE 
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Figure 2. After testing in the computer, tubes which fail are 
either rejected or reclassified 


identical with those used in the emission tests shown im 
Table I. 

The short-circuit tests measure the current flow with 
—100 volts between each element and all other element 
connected together. The cathode-to-filament tests are 
made by impressing +100 volts between them. The per- 
missible leakage current for the 6L6, 6SJ7, 6SA7, 6S: 
6AC7, and 6J5 tubes is 17 microamperes. The test for the 
6L6, 6V6, 6Y6, and 807 tubes is the same except for the 
heater cathode leakage where the maximum permissible 
current is 36 microamperes. 


TUBE HISTORY 


pete A tube has been discarded, its history is noted ir 
a log book and is transferred later to punched cards. 
The tube type, kind of service, manufacturer, type of failure 
test readings, and date are recorded. ‘The color-coding 
system, mentioned before as designating the type of service, 
divides the tubes into seven classes—four being specifi¢ 
circuits and three being types of circuits. The color code 
and the panel position identify the exact circuit in which 
the tube functioned in 80 per cent of the cases. The re- 
maining 20 per cent can be identified as having functioned 
under certain maximum and minimum conditions. Col 
lection boxes, which have been placed at the rear of each 
panel, keep the removals separated with regard to their 
panel position. 

The reading from the hour counter at the beginning of 
each week is stamped on the envelope of new tubes placed 
in service. At the end of each week, the collection boxes 
are emptied and the meter reading noted, thus establishing 
the service life of the tube. The greatest error in the num= 
ber of hours-of service life assigned to a tube is 218, which 
occurs when the tube is placed in operation just after all 
the new tubes have been marked and then removed just 
before the tubes are gathered up. Very seldom is the erro 
this great since a preventive testing procedure is followed 
every Monday morning making fewer tube failures occur 
during the early part of the week. 


PRELIMINARY RESULTS 


OME 5,000 tubes were removed and discarded from the 
ENIAC during the first five months of 1950. This is 

an average of 250 tubes per week, 70 per cent greater thar 
the 1949 average. The increase is due to an extensiv 
overhaul of the machine that was conducted during thi 
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eriod and improved testing procedures. The average 
rvice life for tubes discarded during the period is shown 
1 Figure 3. 

The 6Y6, 6J5, 6SN7,-and 6SJ7 types had the highest 
verage service life, ranging from 10,600 to 12,400 hours, 
rhile the G6AC7 and 6L6 types ranged from 5,800 to 6,600 
ours. ‘This average service life of the tubes should be 
reighted by the following considerations: the kind of 
ervice, the type of test used to detect the faulty tube, and 
ne degree of safety factor in the circuit where it is used. 

Tt is known that some circuits in the ENIAC will func- 
on satisfactorily even though their tubes have a reduction 
1 plate current as great as 40 to 50 per cent of the test 
tandards. These tubes will have a longer service life due 
rincipally to the circuit design. Unfortunately, other 
ircuits do not allow as great a reduction in the plate cur- 
ent and therefore tubes are removed much sooner, making 
ervice life less. 

The 6/5 and 6S.N7 tubes are used with a maximum plate 
otential of 150 volts. When used in the OFF condition, 
he grid voltage is three times the cutoff voltage. Used in 
he ON condition, the grid is sufficiently positive to draw 
ome emission current. ‘The average service life for the 
J5°s was 11,900 hours and for the 6S.V7’s was 11,000 hours. 
“he 6J5 is used only in the OFF position, but the 6S.V7 is 
sed in three different ways: both halves of the tube con- 
ucting, both halves nonconducting, and one half con- 
ucting and the other half nonconducting. 

Of the 6S7 ring tubes rejected in the last five months, 
0 per cent failed because of low emission. When 6SN7 
ubes are used in ring circuits, where one side of the tube is 
ormally conducting and the other side is not conducting, 


‘able I. Standard Voltages and Currents Used to Determine 
Emission Characteristics 
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able II. Standard Voltages and Currents Used to Determine 
Cutoff Characteristics 
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Thousands of Hours 
o 


6Y6 6J5 6SN7 6SJ7 6V6 GSA7 6L7 G6L6 GAC? 807 


Figure 3. The average life of ten tube types tested varies from 
5,500 hours. for the 807 to 12,500 hours for the 6Y6 


the conducting side has a much higher average test plate 
current than the nonconducting side. The 6SN7s also 
are used in the same manner in a pulse-shaping circuit 
where the same results were obtained. 

Of all other tube types used in the OFF condition, 
except the 807s, 85 per cent were discarded because of 
low emission. The number of tubes used in the ON 
condition and discarded for low emission ranges from 1 
per cent to 66 per cent for any one type tube. The life of 
the tubes used in the ON condition as compared with the 
same type used in the OFF condition is better by a factor 
of 50 per cent or more when only the low-emission type 
failures are considered. 

All the 6SJ7s, 6L7’s, and 6SA7’s are used as normally 
OFF tubes and all have low emission as the predominant 
type of failure. Their average lives are 10,600, 8,100, and 
8,500 hours respectively. The 6SA7’s are used in two ways. 
One which has a duty cycle ten times that of the other has 
a longer average life by 1,600 hours. 

For all tubes in the ENIAC, except the 6S'A7 and the 
807, the tube lives terminated by low-emission failure 
averaged more than twice as long as those terminated by 
failure due to poor cutoff, short-circuited elements, and 
burned-out filaments combined. The 6SA7 showed the 
same trend as the others but to a lesser degree. 

The 807 showed the reverse of this condition to be true 
with low emission being 38 per cent less than all others. 
This behavior may be explained by the fact that these tubes 
operate with excessively high plate potentials. 

The 6Y6 tube, having an over-all life average of 12,300 
hours, is used only as a triode. In one circuit nine such 
tubes are connected in parallel. This makes it difficult to 
determine when one tube is faulty because the safety factor 
in the circuit will allow it to function when one or two 
tubes are well below standard. Detection being difficult, 
a longer service life results. The type of malfunction most 
prevalent is short-circuited elements, the heater-cathode 
short being the most common. It is interesting to note that 
this failure does not cause the computer to malfunction 
because the heaters are at cathode potential. 

The 6AC7 and 807 have life averages of 6,500 hours and 
5,800 hours respectively. ‘These tubes are used in a type 
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of circuit where the safety factor is small. The circuits are 
given extensive marginal tests every three or four months. 
Tubes are removed which are not causing circuit failures 
but indicate they will in the near future. The two condi- 
tions—low safety factor and extensive testing—cause lower 
service averages for these two tube types. 

The 6AC7’s which are used in the ON condition with 
plate, screen, and grid potentials of +80, +20, and +1 
volts respectively, fail 99 per cent of the time because of 
short-circuited elements or unsatisfactory cutoff conditions. 

The 807, which is used mainly in the OFF condition, 
with 600 volts applied to the plate and both grids at below 
the cutoff point specified in the test standards, has 40 per 
cent of its failures due to short-circuited elements. A 


Improving the Position of Electricity as 
Primary Energy for Space Heating 


CLARENCE FRERE 


ANY YEARS AGO, 
| V Dr. Charles P. Stein- 

metz stated that some 
day our homes would be 
built without chimneys and 
heated entirely by  elec- 
tricity. Today, we are rapidly approaching an economic 
and practical realization of this prophecy. 

More than 50,000 homes now use electricity as the sole 
source of heat. It is true that not all electric heating in- 
stallations in operation are competitive with combustion 
methods of heating from an operating cost standpoint, 
yet the users of these systems are satisfied and must believe 
that the many advantages gained outweigh the higher cost 
of operation. 

There are a number of requirements from a_user’s 
standpoint which pertain to any successful design of resi- 
dential heating equipment. These can be enumerated 
in order of importance as: (1) the equipment must be of 
benefit to the customer in helping him to enjoy greater 
convenience and comfort; (2) it must possess economy of 
operation; (3) it must be completely safe; (4) it should be 
free of service problems; (5) it must be practical in its 
application; (6) the system should possess flexibility of 
control; and (7) its appearance must be acceptable. 


METHOD FOR APPLYING ELECTRIC HEAT 


| eat COMFORT, when considered from a_ thermal 
point of view, is dependent on four basic physical 
conditions: mean radiant temperature of the enclosing 
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Low-temperature radiant-panel heating offers a 

possible solution to the problem of house heat- 

ing by electricity. Some of the technical and 
economic aspects are discussed. 
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reason for this may be that the duty cycle of this 807, eve 
though it is classified as a normally OFF tube, is high be 
cause of the manner in which its circuit is used. It is O 
for 300 microseconds at a time and is used many moreé 
times than any other normally OFF circuit in the ENIAC 

The 6L6 is used in both the OFF and ON condition with 
a low service life average of around 6,300 hours. For thi 
OFF type of service, the low emission was the predominan 
type of failure, while for the ON use it was about 50 pe 
cent low emission and 50 per cent cutoff, short-circuitec 
elements, and burned-out filaments combined. The 
average life for an-ON tube with a low-emission failure rat 
10,200 hours, which is 70 per cent better than the lif 
average for a low-emission failure in an OFF tube. 


surfaces, ambient air tem 
perature, direction and in 
tensity of any air movements 
and relative humidity. 

It is generally agreed tha 
the average surface tem 
perature over the approximeael: 191/, square feet of radi 
ating area of the clothed human body is 83 degrees Fahren 
heit. “Laboratory experiments have shown that a norma 
subject can be comfortable in a room which has an a 
temperature of 57 degrees Fahrenheit, if all the surrounding 
surfaces are kept at a temperature of 83 degrees Fahrenheit 
Other laboratory tests have been made in which th 
occupant was placed in a room having 100-per cent re 
flective surfaces, air temperature at 60 degrees Fahrenheit 
and with the surrounding surfaces at a temperature of 5) 
degrees Fahrenheit. In the latter test, the subject was kep 
comfortable by restricting the radiant losses. 

These laboratory experiments illustrate a principle ¢ 
heating which it is thought can improve the competitiv 
position of electric heating. The primary problem is t 
provide a practical means for applying radiant energy if 
our living environment and to distribute this energy soure 
so as to provide irradiation at low intensities from a larg 
area and from many directions. 

With low-temperature panel warming, the mean radiar 
temperature of the room is varied by controlling the ten 
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rature of a large portion of the enclosing surfaces. 
mel heating is the means for providing irradiation at 
w intensities for a large area and from many directions. 
ich a system dispenses with the high-intensity irradiation 
uich is characteristic of spot radiant reflector or unit- 
pe convector heaters commonly used today. With a 
ore uniform radiant and controlled receiver surrounding 
, body comfort can be maintained at lower air tem- 
ratures. With conventional heating systems, air is 
ated which expands and rises, causing air currents or 
afts, and this action causes a considerable temperature 
adient throughout the room. Contrasted with this 
stem, a panel system makes no attempt to heat the air, 
it rather to heat the enclosing surfaces and objects in the 
om. The result is a very even heat distribution through- 
it the room, and the temperature gradient is nearly 
iminated. While this arrangement with lower air tem- 
ratures would seem to hold many possibilities, in prac- 
¢ this depression of the air temperature amounts to 
uly about five to eight degrees Fahrenheit. This limitation 
due to secondary effects which occur after the first energy 
lease. 

A panel-heating system requires no control adjustment 
r varying climatic conditions. With conventional heat- 
g, indoor air temperature must be increased continually 
outdoor air temperatures drop. ‘This is a manual change 
the thermostat since no provisions have been made to 
ulance the room conditions as the walls become colder. 
s outdoor air temperatures go down a panel system main- 
ins comfort conditions by changing the panel temperature 
_well as the enclosing surfaces. The air temperature 
es not change, and in many cases it actually may drop 
ghtly. 

For the most part, panel-heating systems today comprise 
warming panel made by embedding a serpentine pattern 
hot-water pipes (in some cases an electric conductor) 


in a concrete floor slab or in the plaster. With these 
systems, the quantity of heat which goes into storage is 
relatively high. It is not surprising, therefore, that the 
main disadvantage of a hot-water-panel system is admitted 
to be slow response to weather changes. Panel heating 
by electrical means is a natural application. With electric- 
panel-heating equipment, this difficulty of high thermal 
mass is eliminated and there no longer is need for plaster 
or other building materials to form the heat exchanger. 
The heating element itself is the emitting surface. Flexi- 
bility of control unobtainable with any other house heating 
equipment is a distinct advantage of electric panel heating 
and this flexibility, while providing maximum body com- 
fort, also enables more operational savings by elimination 
of overshoots. (See Figure 1.) 


APPLYING ELECTRIC HEATING ECONOMICALLY 


A A POSSIBLE solution to the problem of improving the 
competitive position of electric house heating, several 
years have been spent in developing a low-temperature 
radiant-panel-heating system. It was desirable to have a 
system which would possess the many advantages of panel 
heating, and yet be a practical means of doing the job 
electrically. It was determined that the application of 
electric heating must be in the form of a completely pre- 
fabricated unit in which the design characteristics would 
be predetermined, and not left to happenstance. It was 
further desired to have equipment which could be used in 
existing structures when applicable, requiring no more than 
redecorating the room in which it is installed. 

The equipment developed is a very thin wafer-like panel 
structure having a thickness of approximately 30 mils. 
The construction consists of a copper-alloy wire element 
sandwiched in a phenolic laminate. Because it was 
believed that an electric heating system should be grounded, 
both sides of the phenolic sheet have been covered with a 
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Figure 2. Results of a temperature gradient comparison test are shown (left) for a standard radiant heater located six inche 
from the floor, and (right) for a ceiling installation of electric radiant panel heating 


specially developed sheet of aluminum. The unit is com- 
pletely assembled with a termination block and a base 
section of a raceway. ‘The raceway base has electric con- 
tact to both sides of the panel, and the ground circuit is 
through this section. 

To accommodate the room module of residential 
structures, the panels are made in 46-inch, 58-inch, and 
70-inch lengths, and the three sizes are all 171/, inches 
wide. The standard panels are rated at 230 volts and 
have a wattage density of 21 watts per square foot. 

Aside from the main advantage of increased comfort 
conditions, panel heating holds many other benefits for 
the user. A more dust-free air, cleanliness, fresh atmosphere, 
warm floors, more space availability, and architectural 
adaptability are obvious and will not be discussed in this 
article. 


APPLICATION 


F= ALL GENERAL house-heating applications, the heated 
panel is located on the ceiling surface because of the 
higher radiant heating efficiency of this location. This 
panel design is not limited to a ceiling location, and it may 
be used on walls for specific applications such as thermally 
balancing large picture windows or other cold spots. 
Panels may be mounted directly to the interior room sur- 
faces. Sheetrock, plasterboard, or plywood provide ex- 
cellent surfaces to which the panels may be attached. 
The back of the panel is equipped with a thermosetting 
adhesive resin which is in strip form. When the panel 
is to be mounted, the adhesive pattern is wetted with a 
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suitable activator solution, and the panel pressed int 
position. ‘The total time required to install one panel is 
approximately two minutes. After the panels are in placé 
the ceiling surface is painted or otherwise finished in % 
normal fashion. 

Electrical power supply to the panel is effected by placin: 
number-12 type-T stranded conductors in the channels 
of the connector block, which is assembled to the panel 
and attaching the pressure cover with two screws. 
each room or zone, if the room is large, the panels a 
connected in parallel with the branch circuit making con 
nection to the panel circuit at one end of a panel group 
The panel capacity in each room or zone is placed undef 
the control of an individual low-voltage thermostat. 


IMPROVING THE ECONOMICS OF ELECTRIC HEATIN 


(eee OF OPERATION for any heating system is based ol 
the amount of heat which is lost during some specified 
time. Electric panel heating (or other forms of elect 
heating for that matter) should not be attemptec 
unless the house is insulated. Areas having extremel 
mild weather might be considered an exception. At 
insulated structure not only has a much lower heat los 
but is essential for optimum comfort conditions with a pane 
system. As pointed out before, no attempt is made 
heat the air but rather to increase the mean radiant tem 
perature of the room, and insulation works hand-in-har 
with the panel system in accomplishing this condition. 

A panel-heating system has lower operating cost tha 
the conventional heating systems, and this is particularl 
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1¢ with a ceiling panel installation which takes advantage 
a larger radiation component. Since there is no longer 
y interest in heating the air as a means of establishing 
mfort conditions, operation can be at lower air tem- 
ratures. ‘Thus, a reduction in the building transmission 
ses is effected and also the infiltration losses are reduced 
ice incoming air is heated to a lower temperature. ° 
By using a very flexible heat source, such as a low mass 
ating panel along with a very sensitive control means, a 
nstant effective temperature is maintained. (See Figure 
) A convection system produces wide temperature 
riations between the “off cycles, and the elimination 
these high-temperature blasts with their accompanying 
ershoots also can make for lower operating cost. Labora- 
ry experiments in which comparable effective tempera- 
res were created both by a conventional electric heater 
id also by means of a ceiling heating panel indicated a 
arked reduction in the power requirements for the panel 
ating. 


IMPROVING THE LOAD CONDITION OF ELECTRIC 
HEATING 


- EFFECT of an electric house-heating load on the 
utility sometimes is overemphasized. It often is 
sumed that an electric heating load will be characterized 
y high individual demands coming simultaneously. It is 
lieved that a high-cycling heat source having a very 
curate control means will develop considerable diversity 
Xt only within a single residence having six or more cir- 
uts, but more so within a large group of homes so con- 
olled. The objective now is to obtain complete diversity 
st data on a large group of homes in one locality. 

Proper application of electric heating is necessary if this 
sw field is to expand. Complete insulation results in 
wer heat loss and thus requires a lower connected load. 
1 determining the heating capacity to be provided, a care- 
1 analysis of the heat loss must first be determined. The 
ast procedure of making rule-of-thumb estimates, which 
ten result in excess capacity, cannot be tolerated. It is 
jually important that adequate capacity be provided. 
fith the great flexibility of electric heating, there is no 
scessity for excess capacity and connected loads must be 
spt as low as possible. This practice not only will help 
e power distribution problem but will make for a better 
ad factor. Panel heating holds still further possibilities 
r the power producer. Laboratory investigation in- 
cates that a sizable correction factor for the capacity 
quirement can be made with a ceiling panel system. 
Mhile confident of this reduction factor, it is preferable to 
ave a large number of field-test observations before 
eral usé will be made of this factor. 

Quite often, house heating is accused of being a purely 
asonal demand. ‘This cannot be denied because its use 
curs only during winter months; however, as some 
ilities have recognized already, conceivably electric 
yuse heating can develop into the greatest application of 
ymestic electricity. With the trend to more and more 
ectric servants in the home, a house-heating load may 
ell be the one which can be integrated with other house 
ads to fill the valleys of residential system loads of the 
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future and thus improve the over-all load factor. It also 
should be pointed out that high heat requirements generally 
occur in the morning before other household demands. 

Many ideas have been advanced for a method of restrict- 
ing the coincident demand in an all-electric home. Some 
utilities presently use limiting equipment, timing equip- 
ment, modulating devices, carrier-current arrangements, 
and other devices, and some utilities are opposed to the 
use of such devices. It is believed that some such arrange- 
ment merits consideration, and several arrangements of 
load limiter devices now are being studied. Also, it is 
believed that a flexible source of heat utilizing a multi- 
plicity of circuits which are operated by a very rapid cycling 
control will have very good diversity characteristics, and 
with a complementary saturation of other electric house- 
hold devices will require no limiting arrangement; how- 
ever, for those utilities which will benefit from a restricted 
load, limiting devices can be utilized. 


INVESTIGATION OF ELECTRIG HEATING 


I APPROACHING the problems of improving the com- 
petitive position of electric heating, it was necessary 
to construct a Heating Research Laboratory in Bridge- 
port, Conn. This laboratory is made in three sections: 
one room is devoted to the weather-making machinery; 
a second part consists of a section of a typically constructed 
house located on the inside of a second building so that 
any type of weather can be simulated about the test unit; 
and in a third room are located all the power controls, 
instruments, and recording apparatus which record the 
weather conditions on the outside of the house as well as 
a complete cross check of conditions and changes occurring 
on the inside. 

While it is not the intent to discuss the Heating Research 
Laboratory, which could itself be the subject of a paper, it 
is desired to mention briefly a method used in making 
comfort-condition observations. When the laboratory 
was first put into operation, live subjects were used to obtain 
the physiological responses under varied conditions. 
This procedure was abandoned and a copper man now is 
employed which is internally heated by electrical units. 
His condition can be set by modulating the power input to 
achieve any desired metabolism rate. The skin tempera- 
tures are tape-recorded through internally mounted spe- 
cially fitted thermocouples, and his reactions to all changes 
of his environment are precise. 

While many homes today are heated electrically, the 
increased use of electric energy for this purpose should be 
on a sound basis. ‘The ever-increasing demand for electric 
heating should be tempered with sound engineering 
principles so that the mistake of poor installations which 
will result in increased costs not only to the consumer but 
also to the power producer will be avoided. The proper 
application of electric. panel heating can benefit the con- 
sumer by providing optimum comfort conditions and at 
reduced operating costs. Panel heating can benefit the 
power producer by providing reduced connected loads, 
better diversity, and better load factors. Panel heating 
can improve the competitive position of electric space 
heating. 
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Synchronous Machine Reference Frames 
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RESENT-DAY economics indicate the practicability 

of long-distance a-c power transmission in many 
localities for distances greater than 300 miles. One of 
the important characteristics of such a transmission system 
is its steady-state stability limit. That is, at some par- 
ticular steady-state load and system condition, when the 
synchronous machine is still able to supply more power 
across the line, the system nevertheless loses synchronism. 
This is interpreted physically to mean that the generator 
has no longer enough synchronizing torque to keep it in 
synchronism against small disturbances that continually 
arise. 

It has been known that a voltage regulator attached to 
the field of the generator raises the steady-state stability 
limit to a higher value. The mechanism of this process 
has not been quite clear. No satisfactory physical theory 
of the small oscillations of a transmission system exists as 
yet and all attempts to explain physically the magnitudes 
of positive and negative damping and_ synchronizing 
torques of even such a simple system as a synchronous 
machine connected to an infinite bus have led only to very 
complicated expressions without any clear-cut physical 
picture. 

It is one of our purposes to develop a consistent and 
fairly simple physical theory of hunting of a transmission 
system that is correct dynamically as well as practical. 
The purpose of the present article is a search for a new 
type of reference frame in which, during hunting, some 
fluxes behave as springs (positive 7), other fluxes behave 
as masses (negative 7,), and in which the resistances 
behave as frictions (positive and negative T,). 

Electrodynamics is a young and still very little developed 
or understood subject. Even such a simple topic as the 


electromagnetic field of free space viewed from a reference - 


frame in uniform translation leads to 4-dimensional rela- 
tivity with all its mystic connotations and formulae. 
Although in a synchronous machine the velocities are 
small compared to the speed of light, and only magnetic 
fields, electric currents, and rotating magnetic and con- 
ducting media appear, nevertheless the reference frames 
and the media have different relative angular velocities. 
This difference in rotational speed between conductors, 
magnetic materials, and the observers themselves (the 
reference frames) leads to an electrodynamics that has no 
longer any parallel with conventional particle dynamics 
of moving material bodies. However, the parallelism 
still is maintained with modern differential geometry 
whose development was instigated by this very need of 
electrodynamics for a unified treatment, though in fields 
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other than electric machinery. Nevertheless, any logica 
study of electric machinery must necessarily lead also 
the same basic concepts that appear in the electrodynamic 
of moving elementary particles, namely, to multi 
dimensional non-Riemannian ‘spaces, to the Riemann 
Christoffel curvature tensor, to nonholonomic reference 
frames, and to similar euphonious polysyllabic expression: 
that modern geometry has invented for use in electro 
dynamics. 

Whether the electric power engineer likes it or not, hi 
has no other choice. Only these strange-sounding crea 
tions of physicists and geometers fit the logic of the peculia 
behavior of electric machines, and unfortunately evei 
these creations are still very fragmentary and insufficient 
Future progress in the theory of electric power utilizatia 
lies clearly along these very channels and the engineé 
necessarily must stumble through these same pathways 
either blindfolded or with an intelligent understanding 
their peculiarities and pitfalls. 

It has been argued that there are only two industrially 
important a-c rotating machines, the synchronous machine 
and the induction machine, and for that reason it is no 
worth while to build up an elaborate theory for thet 
analysis. The flaw in the argument is that there are no 
two but only one type of a-c rotating machine. The 
difference between the various types of machines, anc 
even the difference between the various theories of any one 
particular machine, may be reduced to the statement that 
it is all a question of point of view or, technically speaking, 
it is all a question of the reference frame assumed. 

Having settled that the electrical engineer needs te 
write down the transient equation of only one machint 
consisting of one stationary and one rotating magneti 
structure, his troubles are about to begin. Even forgetting 
the brushes, slip rings, the possible shunt and series con 
nections, and simply concentrating on isolated windings if 
each axis, numerous possibilities arise in deciding the ele 
mentary question whether the reference frames should bi 
connected rigidly to the magnetic structure or should be 
free of them. (The conducting windings themselves aré 
connected rigidly to their respective magnetic structures.) 
In the complete article four such different possibilities art 
enumerated in the order of their increasing physical com 
plexity and the reasons for their selection are ‘discussed 
fully. 

It is shown in this article that among the large numbel 
of possible reference frames of a synchronous machine 
there exists one frame, representable by an equivalen 
circuit, possessing the remarkable properties that for am 
complex transmission system the sum of its 7?r losses is equa 
to the damping torques and the sum of its 22x powers i 
equal to the synchronizing torques of the various generator 
in the system. 
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Damping and Synchronizing Torques 
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HIS ARTICLE presents data on the variation of the 

synchronizing and damping torque coefficients of a 
nchronous machine as affected by hunting frequency, re- 
tance and resistance of the system to which the machine 
connected, and characteristics of the rotor circuits, load, 
id field excitations. The data are presented not only as 
ing of value in themselves but also to call attention to a 
raightforward method of calculation which has been 
vailable for a long time.! \ 
The general case considered here is a machine connected 
an infinite bus through an impedance and oscillating with 
xed excitation about its operating angle. A few of the re- 
ts obtained are shown in Figures 1 and 2. These figures 
ow the damping and synchronizing torque coefficients, 
spectively, as a function of hunting frequency for three 
fferent machines operating at no load, and with various 
ne resistances. 
Some of the conclusions of the study are: 


1. The equations given in reference 1 form a simple 
ad convenient means of calculating the components of 
unting torque with fixed excitation. 

2. For a machine operating at no load and unit ex- 
tation: 


(a) The synchronizing torque coefficient is not 
significantly affected by armature circuit resistance r 
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igure 1. Damping torque coefficient of a synchronous machine 
; a function of hunting frequency—for various line resistances 
and rotor circuits 


‘9 Load (5=0); Excitation Voltage E=1.0; Bus Voltage e=1.0; Line 
Reactance x, =0 
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SYNCHRONIZING TORQUE COEFFICIENT - Ts 
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Figure 2. Synchronizing torque coefficient of a synchronous 
machine as a function of hunting frequency—for various line re- 
sistances and rotor circuit 


No Load (§6=0); Excitation Voltage E=1.0; Bus Voltage e=1.0; Line 
Reactance x, =0 


in the range r<0.2, but is decreased somewhat for 
r=0.4 per unit. 

(b) Practically all of the positive damping torque 
is produced by the quadrature-axis amortisseur circuits. 


3. For a machine with an amortisseur equivalent to 
either of those treated in this article, the damping torque 
remains positive for any of the values of armature circuit 
resistance considered and independent of load angle. 

4. For a machine with an amortisseur, the concept 
that stability (as far as hunting is concerned) improves 
with load is not a valid one. On the contrary, the 
damping torque is generally smaller under load than at no 
load, except at very small hunting frequencies. 

5. With the combination of extremely high field ex- 
citation and armature circuit resistance and low bus volt- 
age, it seems possible for the damping torque to become 
negative even with an effective amortisseur. 

6. Fora machine with an amortisseur, there is a con- 
siderable variation of synchronizing torque coefficient with 
hunting frequency in the range studied. 
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TEELS for magnetic 
circuits have been im- 
proved in many ways 

during the years of trans- 
former improvement. Lower 
core loss, lower exciting cur- 
rent, improved mechanical 
properties, and nonaging 
characteristics are but a few 
of the improvements that 
have been made on the steel. ® However, until the in- 
troduction of highly oriented cold-rolled steel, essentially 
all distribution and power transformer cores were built 
by stacking rectangular, L-shaped, or E- and I-shaped 
laminations into a core structure. 

fj In order to utilize better the improved magnetic charac- 
teristics of this new steel, a wound core was developed for 
distribution transformers.1_ Even though this type of core 
had good magnetic characteristics, it was limited to dis- 
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Efficient and economical utilization of oriented 
cold-rolled steel requires that magnetic flux 
traverse the steel in the rolling direction; the 
effects of joints be reduced; and strains in the 
finished core be minimized. Reductions in 
core loss, exciting current, and noise level are to 
being obtained in routine production units of 
Spirakore transformers using these principles 
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tribution transformer sizes 
Weight, size, and mechanic 
requirements of cores used ii 
power transformers preventer 
its use in these sizes. In orde 
obtain characteristic 
similar to the wound-cor 
distribution transformer, 
new typeof precut, preformed 
single-phase core for use i 
power transformers has been developed and put int 
production in sizes up to and including 3,333 kva. 
article discusses the characteristics of oriented cold-rolles 
steel and the development of the “‘Spirakore’”’ for use i 
power transformers. 


PROPERTIES OF MATERIAL 


ONLINEARITY between flux density and magnetizin 
force is a characteristic of all steels used in powe 
transformer cores. In addition, highly oriented cold 
rolled steel has more important characteristics tha 
must be considered if it is to be used efficiently in powe 
transformer cores. 


Directional Characteristics. Cold-rolled steel is produce 
in continuous strips or bandwidths, while hot-rolled ma 
terial is produced in sheet form. With certain composition 
working, and processing, highly directional magneti 
properties may be obtained. A large proportion of 
crystals are oriented so that an easy direction of magnetizé 
tion is parallel to the rolling direction. In such material 
when the flux passes through the lamination in a directio 
parallel to the direction of rolling, low core loss is obtained 
and a low magnetizing force is required. If flux is cause 
to pass through such steel in directions other than oné 
parallel to the rolling direction, core loss and magnetizin 
force are increased. ‘The amounts which these quantitic 
increase depend upon the flux density. Figure 1 illustrate 
the variation of core loss with the direction in which flu 
passes through such steel for three different flux densitie 
Figure 2 illustrates the variation of magnetizing force wit 
the direction in which flux passes through the steel for thre 
different flux densities. 

Magnetic characteristic variations shown in Figures © 
and 2 show why it is important to use oriented cold-rolle 
steel in transformer cores so that flux passes through th 
steel in the direction of rolling. Not only may the lowe: 
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ssible core loss and exciting current be obtained, but 
inimum flux distortion will result as well. 


Strain Effects. Oriented cold-rolled transformer core 
el is much more sensitive to mechanical strain than is 
t-rolled core steel. Both core loss and magnetizing force 
€ increased as strain is increased. Because of. this 
ain-loss relation, strain in the core structure must be 
nsidered seriously and minimized. 

Core steel may be strained and formed into any desired 
ape before final anneal, but after anneal the steel should 
- maintained in its annealed form for minimum core loss 
id magnetizing force. Therefore, in a core structure, 
re steel should be supported and clamped so that it is 
pt in the same form in which it was annealed. 


GENERAL DESIGN OF CORE STRUCTURE 


a FROM using oriented cold-rolled steel so that flux 
passes through it in a direction parallel to the rolling 
rection, other fundamental functions of the core must 
> achieved. In designs using cylindrical windings, core 
Oss section inside the winding circle should approach 


gure 2. Variation 
magnetizing force 
r unit length with 
igle from rolling 
rection of steel 


MAGNETIZING FORCE PER UNIT LENGTH 


ANGLE FROM ROLLING DIRECTION 


circle. Heat generated in the magnetic circuit must 
> transmitted efficiently to the cooling liquid. Lifting, 
ipping, and short-circuit forces must be transmitted or 
ithstood by the core and clamp structure. These re- 
lirements are fulfilled by this type of core. 


Core Cross Section. It has been shown that for a given 
umber of widths of steel to be built into a core cross section 
yproaching a circle, certain widths and builds of packets 
il give a maximum cross-sectional area.4? ‘Theoretical 
imum cross-section dimensions are determined first. 
hese dimensions may be modified, slightly to permit use 
‘stocked steel widths on a line of core sizes and to allow 
r bolts, tie bars, and tie plates. These modifications do 
yt reduce the cross-sectional area appreciably from the 
eoretical optimum area. Some form of bolting, bonding, 
tie-barring is required if a high space factor of iron is to 
- obtained. Several widths of steel are used in any one 
re design, depending on the rating. The core has been 
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divided into four quarters; quarters have been clamped in 
the center leg by insulated tie plates and tie bars, as shown 
in Figure 3. Outside legs are secured by angled plates 
which are a part of the clamp. 

Not only does this arrangement give efficient utilization 
of the available iron space, but it gives step-backs in the 
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Figure 3. General 

arrangement of core A 

quarter sections and 
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yokes at the tops and bottoms of the windows into which 
adjustable coil-support brackets may be fitted. 


Core Form. ‘To maintain the desirable magnetic charac- 
teristics of the wound-type cold-rolled steel core, the 
precut, preformed method was developed. This core, 
as applied in most Spirakore power transformers up to 
3,333 kva, has one joint per lamination convolution. 


Joints are staggered in the joint region of Figure 3 so that 


a stepped joint having small overlap is obtained. 

Starting with the lamination convolution forming one 
of the windows and progressing outward through the build 
of the core, lengths of the strips will increase linearly. 
Hence, if the core is developed horizontally into straight 
laminations, stacked with one end of the laminations at a 
vertical reference, the laminations would appear as a 
trapezoid with a rectangular end. Such laminations are 
progressively cut by an automatic indexing shear. As 
sheets leave the shear they are coated with a material 
which acts as a separator during annealing of the core and 
remains as an insulation coating to limit eddy currents 
between laminations during transformer operation. 

As laminations leave the coating machine, they are 
stacked into a ring, then formed into the required rec- 
tangular-window shape. After anneal, a precut preformed 
core which will maintain its formed shape is obtained. 
Figure 4 shows one-fourth of a Spirakore power transformer 
at this stage of its processing and shows how the joints may 
be staggered and maintained in proper position in the 
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Figure 4. One-fourth of a single-phase Spirakore power trans- 
former core 


Figure 5. 


Formed core with coils on center leg and part of 
laminations reassembled around coils 


magnetic circuit. All of the steel is utilized in the rolling 
direction, and no corner effects are introduced. Four 
such quarter cores are assembled into clamps. 


Clamps. ‘The clamping structure should be such that 
little, if any, strain on the core is introduced. Also, the 
core must be insulated from the clamps so that the core 
may be grounded at one point only. Multiple grounds, 
which would be obtained if the core were not insulated 
from the clamps, would result in: partial- or total-turn 
short circuits on the core. Even though clamps should 
not strain the core, they should secure the core firmly and 
leave space for ducts for oil flow to cool the core. 

For this type of core, a clamping structure has been 
designed which will cradle the core and permit lifting. 
Outer legs of the core are supported by the insulated outer 
vertical members of the clamping structure and insulated 
cross bars. The core is supported from the bottom by 
bottom cross bars, auxiliary cradling straps, and blocks. 
Coil supports on the bottom clamps support the windings, 
and lifting and short-circuit forces are sustained by the 
clamping structure, not by the core. It will be shown how 
adjustable top coil supports are attached to top clamps to 
maintain a tight coil stack. 


Coil Assembly. Coils are placed on the center leg of the 
core by removing the top clamps, opening the joint, folding 
back the laminations, and :then lowering the coil stacks 
into place. The laminations that are folded back must be 
supported when folded back so that the elastic limit of 
the core steel is not exceeded; exceeding the elastic limit 
would increase core loss and exciting magnetomotive force. 
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Laminations are put back into place until all of the 
laminations are back in the position in which they were 
annealed (see Figure 5). Bands around each quarter 
core help maintain closed joints and reduce noise level 
This method of core building and assembly gives clos 
fitting joints which are necessary for low core loss, low 
exciting current, and low noise level. 

Top clamps, top clamp insulation, cross bars, clamping 
bolts, and the adjustable coil supports then are added} 
Blocking immediately over the joint region further re 
inforces the joint for tightness. The core and coil a 
sembly as shown in Figure 6 is then ready for cabling; 
treating, and tanking. The pierced tab extending from 
the left side of the core in Figure 6 is the core grounding 
strap. This strap is not bolted to the clamp until the core 
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Figure 6. Formed 
core with coils coms 
pletely clamped and 
ready for cabling 
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PER UNIT CORE LOSS 


90 -~95 
PERCENT VOLTAGE 


Figure 7. Curves showing variation of core loss with per cet 
voltage (A) formed core; (B) plate core with lapped joints; 
plate core with mitered joints 
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PERCENT VOLTAGE 


gure 8. Curves showing variation of exciting current with 
r cent voltage (A) formed core; (B) plate core with lapped 
joints; (C) plate core with mitered joints 


id coil structure has been treated so that the core may be 
sted for grounds when it is ready for final tanking. 


CHARACTERISTICS OF TRANSFORMER 


)FFECTIVE UTILIZATION of oriented cold-rolled steel 
4 in the formed core is best measured by the charac- 
ristics of the completed transformer built on this type of 
re. In Figures 7 and 8 are curves which show 60-cycle 
re loss and exciting current as functions of per cent 
ted voltage for a given transformer rating built on three 
fferent cold-rolled steel core designs. Curve A is for a 
sign using the formed core as described in this article. 
urve B is for a design using rectangular plate laminations 


and conventional lapped joints. Curve C is for a design 
using plate laminations and mitered joints. 

The improvement in core characteristics resulting from 
the Spirakore construction is quite obvious. The core 
loss is reduced to 80 per cent and the exciting current to 
35 per cent of the values obtained with a core using plate 
laminations and lapped joints. The improvement from 
the use of mitered joints is appreciable but not as great as 
from the use of Spirakore construction. 

Several factors account for these improvements in core 
loss and exciting current. 


1. Flux passes through the core steel and joints in a 
direction parallel to the rolling direction of the steel. 

2. Joint regions are a small part of the total magnetic 
circuit, thus introduce very little reluctance in the magnetic 
circuit. 

3. Strain effects on the core are reduced by cradling 
clamps around the core and not loading the core with coil 
weights and supporting forces. 

4. Joints are closed and maintained tight by the 
clamping structure. 

5. The core is annealed in its final form so that no 
assembly, piercing, forming, or shearing strains remain 
in the core. 


Although the 3-leg 4-section single-phase core has been 
described in this article, similar 2-leg 2-section designs 
have been made and built. ‘These designs may be built 
with either two or four joints per convolution, depending 
upon the particular design requirements. 
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New Plastic Developed with 


A new expanded plastic for use in making life rafts, life 
ng buoys, and other flotation equipment was announced 
cently by the United States Rubber Company. The 
oduct is honeycombed with millions of tiny nonconnecting 
lis which make it extremely light. It is not affected by 
n or salt water, and will stay afloat indefinitely. Other 
plications for the new plastic are for sun helmets and 
mmmercial fishing floats. 

Life rafts of the material can be molded in one piece. 
yme are large enough to support 60 men. Because they 
ve a solid noncommunicative structure, the rafts will 
ay afloat after strafing. Little or no maintenance is 
quired. 

In addition to its flotation qualities, the new product is 
thermal insulator as well. Its most important applica- 
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Improved Flotation Qualities 


tions in this field have been those that require insulating 
material which can supply structural strength. Because 
the material has little moisture absorption, its thermal 
insulating properties remain adequate for a long time. 

The new product is said to have dielectric properties also. 
Since exposure to water and weather will not affect its 
inherent transmission properties, it will give consistent and 
uniform protection to the equipment which is housed 
within it. 

It is manufactured in flat sheets which can be formed by 
conventional thermoplastic forming techniques or it can be 
molded into shape. Its density can be varied for the appli- 
cation desired from 5 pounds per cubic foot to 35 pounds 
per cubic foot. Standard sheets available are 46 inches 
by 70 inches in 1/4, 1/2, 3/4, and 1-inch thicknesses. 
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A Reluctance Motor Design Method 


CLAMG ROA SE 


ASSOCIATE AIEE 


ETHODS OF DESIGN, described previously for the 
reluctance motor, present a design procedure which 
results in three major steps. The three steps are: (1) 
choose trial dimensions and windings, (2) calculate the 
motor constants, and (3) calculate the performance of the 
trial design. Previous articles have described the method 
of choosing the optimum dimensions, calculating the con- 
stants and the performance. No method has been de- 
scribed which allows the designer to choose the correct 
number of turns and the wire size for a given or specified 
performance. 

This article provides a means by which the correct turns 
and wire size may be chosen for either a specified load point 
or a maximum torque. The method used is termed design 
by synthesis. This method permits the designer to set up 
the constants of the motor in terms of ratios whereby it is 
possible then to derive equations in terms of the number of 
stator turns and the performance point or condition. ‘This 
approach to design was thoroughly described by Lloyd! and 
it is the basis for this article. 

The vector diagram for the reluctance synchronous 
motor is shown in Figure 1. ‘This diagram applies to one 
phase of the polyphase reluctance synchronous motor and is 
based on the 2-reaction theory. 

From the vector diagram, the equivalent circuit shown 


Ign, 


Idr, 


Figure 1. Vector diagram for one phase 
of the reluctance motor 


in Figure 2 is derived. From the equivalent circuit, it is 
possible to derive the equations necessary to determine the 
power developed, the full load current, the power factor, 
the power input, and the efficiency. The power output is 
determined from the internal voltage of the machine and 
the internal voltage is a function of the applied voltage. 
This means that the primary impedance drop is in terms of 
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Figure 2. Equivalent circuit derived from the vector diagra 


the amount of load on the motor and enters into the outpi 
equation. If C, represents the voltage correction due 1 
the stator resistance and C, represents the voltage corre 
tion due to stator reactance, then the term C,C, represen 
the correction applied to the terminal voltage which 
rects for the stator impedance drop. The term C,C, 
be determined before the winding is selected, thus enabl r 
the designer to determine more accurately the corre 
number of turns and wire size. The term C,C, also can t 


which permits the designer to predict more accurately th 
desired performance. ‘The accuracy and the ease 
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contrasts the performance obtained from calculation ar 
test. é 

It is believed that this system fills a gap in the process 
designing polyphase reluctance synchronous motors. TI 
process presented allows the designer to choose directly tl 
number of required turns and wire size, thus eliminating th 
trial and error method of design. 
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Metal Wall Thickness Measurement 
from One Side by the Ultrasonic Method 


N. G. BRANSON 
MEMBER AIEE 


HE NEED for an instru- 

ment which will meas- 

ure wall metal thickness 
ondestructively when only 
ne side is accessible is wide- 
read. Practical applications 
clude measurement of tanks, 
up hulls, pipes and tubes, 
ad many types of pressure vessels where it is required to 
stermine the extent of metal thinning due to erosion or 
yrrosion. Several different methods have been used. 
hese include measurement of potential drop, measure- 
ent of back-scattered radiation from a radioactive source, 
ectromagnetic methods, ultrasonic pulse methods, and 
e ultrasonic resonance method. The _ ultrasonic res- 
aance method to be described in this paper is the most 
cent and, although it does have limitations, it is the 
ethod most widely used at the present time because of 
s inherent simplicity, accuracy, reliability, and wide 
inge. In addition to thickness measurements, instru- 
ents operating on the ultrasonic resonance principle also 
ave proved useful for flaw detection applications. 


PRINCIPLES 


-_ ULTRASONIC resonance principle of thickness 
measurement depends upon two fundamental charac- 
ristics of sound waves. First, they travel through metal 
- a velocity that is a function of its density and of its 
astic constants. This velocity is not appreciably in- 
enced by wide variations in temperature. For the com- 
only used steels, the sound velocity is essentially inde- 
sndent of the chemical composition, previous heat 
eatment, internal stresses, and the electrical or magnetic 
roperties. 

The relationship is expressed by 


1—mM 


E, Vs 
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hen V is the velocity of longitudinal waves in centimeters 
sr second; E is the Young’s modulus in dynes per square 
ntimeter; p is the density in grams per cubic centimeter; 
id M is Poisson’s ratio. 

In the second place, sound waves are reflected by inter- 
cial surfaces separating two materials such as metal and 
ater that have different acoustical impedances. Stand- 
g waves can be set up within the wall of a pipe, or within 
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This article discusses the principles of metal 
wall thickness measurement from one side and 
an instrument for making such measurements. 
The selection of quartz crystal and range, 
accuracy, and limitations of the method are 
¥ covered. 


Branson—Metal Wall Thickness Measurement 


a metal plate, just as standing 
waves are set up within the 
air column of an organ pipe, 
as shown in Figure 1. The 
frequency of the standing 
waves depends upon the thick- 
ness of the material and the 
velocity of sound in the ma- 
terial, just as the frequency of the organ pipe depends 
upon its length and the velocity of sound in air. 

The fundamental frequency at which thickness resonance 
will occur is given by the relation 


fi=V/2t 


where f/f; is the frequency in cycles per second; V is the 
velocity of sound in the material in inches per second; 
and ¢ is the thickness in inches. This relation is correct 
for the case where the work piece has a higher impedance 
than that of the materials on its opposite faces—and this 
is the practical case. 

Thickness resonance occurs also at all harmonics of the 
fundamental frequency such as 


h=2h, fre=3h..-fn=nfi 
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Figure 1. Representative standing-wave patterns of ultrasonic 
vibrations in material 
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Figure 2. Basic circuit for a variable-frequency ultrasonic 
thickness tester 


The frequency difference between two adjacent harmonics 
is numerically equal to the fundamental frequency. 
When the fundamental frequency is known, the thickness 
can then be determined from the equation t=V/2/;. 

When two adjacent harmonic frequencies are known, 
the equation used is 
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The instrument under discussion performs two func- 
tions—the transmission of sound waves of known fre- 
quencies into the material and the detection of the presence 
of standing waves.! A basic circuit, shown in Figure 2, 
comprises a variable-frequency self-excited oscillator that 
generates an alternating voltage which is applied to an 
X-cut quartz crystal. When the crystal is held against 
the material to be tested, with a film of oil or other suitable 
coupling fluid between the crystal and the work, an ultra- 
sonic wave is transmitted into the material. If the oscillator 
is tuned to a frequency that is an integral multiple of the 
fundamental frequency of the wave in the thickness of the 
material, there will be a sharp increase in the amplitude 
of the vibration in the part of the wall directly under the 
crystal. ‘This is a resonant condition and because of the 
internal damping in the material there will be an increase 
in the energy dissipated. ‘The effect on the oscillator is 
the same as adding a resistive component across the 
inductance-capacitance circuit and a sharp increase in the 
plate current of the oscillator will result. 

The increase in oscillator plate current due to thickness 
resonance may exceed 100 per cent under ideal conditions. 
Under many practical conditions the change in plate 
current at resonance may be only a fraction of one per cent. 
Increased sensitivity over the circuit shown in Figure 2 is 
then necessary and is obtained by frequency-modulating 
the electronic oscillator over a small frequency increment. 
The result will be pulses of current in the oscillator plate 
circuit when the average oscillator frequency is tuned to 
the frequency at which a thickness resonance occurs. 
These current pulses are produced at an audio-frequency 
rate and are amplified by conventional methods. A 
schematic circuit diagram used for a portable battery- 
operated type of instrument is shown in Figure 3. Thick- 
ness resonance is indicated by an audible tone in the 
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_ frequencies. By using harmonic resonance indications it 
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head-phones and increased deflection of an output meter, 

The frequency at which resonance occurs is read on 4 
calibrated scale and converted to thickness by use of a 
concentric conversion scale provided on the instrument 
panel. This scale is adjustable to the sound velocity in 
the type of metal to be measured. In the case of harmonic 
resonance indications, the fundamental resonance is equal 
to the frequency difference between two adjacent harmonie¢ 
is practical to use a 2- or 3-to-1 frequency range for measure 
ments over a thickness range of 100-to-1, or more. 

Other types of instruments,? designed to. frequency 
modulate over a 2-to-1 frequency range, apply the amplifiec 
output to the vertical plates of a cathode-ray oscilloscope 
to provide direct reading indications. 


QUARTZ CRYSTALS 


TVs X-CUT QUARTZ crystal which is used to convert 
electrical to mechanical energy is probably the mos 
important component of an ultrasonic resonance thicknes, 
gauge. Its electrical frequency is the same as the me. 
chanical frequency. In such equipment it is generally 
necessary that the quartz crystal be driven over a 2-to-1 
frequency range, or more. The highest frequency a 
which the crystal is driven should be below the natura. 
frequency of the crystal itself. If a crystal is driven a 
its natural frequency, there will be a resonance indicatior 
which is similar to the indication obtained when the 
crystal is vibrating a section of metal at a thickness resonance 
frequency. 

In addition to the resonance indication obtained at the 
natural frequency of the crystal, there are also many 
spurious resonances throughout the entire frequency range 
at which the crystal must be driven. ‘The spurious reso 
nances in an undamped quartz crystal may have a muck 
greater effect on a sensitive oscillator circuit than tht 
metal thickness resonances obtained on many practica 
applications. The crystal is therefore cemented to % 
suitable plastic which substantially damps out spuriou 


Table I. Effect of Various Curved Crystals on Signal Strength 
Glycerin-Aerosol Solution Used as Coupling Medium 


Gauge 

Thick- Sensi- 
ness, tivity 

Inches 


Material Tested Crystal Type Remarks 


Flat, 11/2 square 0.550 20 Use of proper curve 


41/,-inch outside diameter inch area crystal _ increase 
steel pipe, slightly scaled, 741/2-inch curved, 0.550 50 strength and sharp 
0.556-inch wall 11/2 square inch ness of signals 
area 
5-inch outside diameter Flat, 11/2 square 0.530 25 
heater tube with */g-inch inch area 
coke deposit on inside 
0.53-inch wall 
Flat, 11/2 square... 0 Noclear resonance iD 
28/s-inch outside diameter inch area dications obtainabl 
steel pipe, scaled and ? 28/s-inch curved, 0.175 10 Use of curved crysté 
corroded, 0.17-inch wall 11/2square inch permitted measur 
area ment of this pipe 
Flat, 11/2 square 1.930 5 
63/1s-inch outside diameter inch area 
steel tube, 181/32-inch 7? 65/g inch curved, 1,930 50 Use of proper curve 
wall 11/2 square inch crystal. increas 


area sensitivity 10 tim 
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gure 3. Complete circuit 


model is completely portable 
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rystal resonances but does not reduce crystal sensitivity 
xcessively. 

In testing hundreds of X-cut crystals, all having essen- 
ally the same physical dimensions, the quality of the 
rystals from the standpoint of spurious resonance response 
as been found to vary as much as 100-to-1. Crystals 
hich have excessively large spurious resonance peaks can 
ot be damped satisfactorily for applications where high 
sitivity settings of the electronic equipment must be 
sed. 

The intensity and sharpness of thickness resonance 
dications obtained from a metal thickness will depend to 
large extent upon the area of contact between the crystal 
nd the metal and upon the ultrasonic frequency which is 
sed. In practice, it has been found that a crystal with 
diameter of 13/, inches is satisfactory for use at frequencies 
om about one to two megacycles. Smaller diameter 
rystals can be used at higher frequencies. 

Flat crystals are used on surfaces with a radius of curva- 
wre of over six inches without much loss in sensitivity 
smpared to the same crystal on a flat surface, providing 

suitable viscous coupling liquid is used between the 
eystal and the work. Crystals also are cut to fit practically 
ny desired curvature and result in substantially better 
erformance for applications on small pipes. Table I 
10ws data obtained for flat and curved crystals on different 
ipe sizes. 


THICKNESS RANGE AND ACCURACY 
- OW FREQUENCIES (long wavelengths) are suitable for 
_4 thick specimens and rough surfaces. High frequencies 
ermit the use of smaller crystals and the measurement of 
1in materials, provided the work piece is sufficiently 
nooth and homogeneous. 
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diagram of the Audigage model FMSS-5 thickness tester. This 
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The minimum thickness of material which can be 
measured depends upon the ultrasonic frequency which it 
is possible to use. On materials such as steel, aluminum, 
and glass, with smooth parallel surfaces, it is possible to 
use ultrasonic frequencies of 20 megacycles or higher, and 
measure thicknesses of 0.005 inch, or less. However, 
many materials will absorb the acoustic energy very 
rapidly at such frequencies with the result that there 
will be no thickness resonance indications. Certain types 
of cast iron, for example, can be measured at frequencies 
below one megacycle but no detectable resonance effect 
can be observed at higher frequencies. In general, most 
metal thicknesses of 1/16 inch or more can be measured. 
By using harmonic resonance indications it is sometimes 
possible to measure thicknesses of several feet. It is com- 
mon practice to measure heavy-walled pressure vessels 
with wall thicknesses of several inches by using harmonic 
resonances. 

Accuracies within one per cent generally can be obtained 
when it is possible to use the fundamental or the lower 
harmonic indications. On materials of 1/2 inch or more, 
where it is necessary to use higher harmonics, accuracies 
of 2 to 3 per cent can be realized. 


LIMITATIONS 


[tee WHICH sometimes make it impossible to use 
the ultrasonic resonance method are excessive thick- 
ness variations in the material within the area contacted 
by the crystal; damping due to dense, closely adherent 
scale on the opposite surface of the material to be measured; 
and the type of material. 

Thickness variations in the material within the area 
contacted by the crystal are usually due to severe corrosion 
which creates deep pits in one or both sides of a metal 
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Table II. Effect of Coupling Medium on Signal Strength 
Flat Crystal Detector Head, 1/s-Square-Inch Area 


Gauge 
Thick- 
Coupling ness, Sensi- 
Material Tested Medium Inches _ tivity Remarks 
Cold rolled steel, 0.308 \ Grease 0.310 Over 100 Lowest indication, at 0.77 


inch thick, smooth] Silicone 0.305 100 megacycle, hardly detect- 
surfaces Grease able with grease. Indica- 
tion is sharp and distinct 
with Dow Silicone stopcock 
grease 
0.308 inch steel with | Grease 0.310 0.3 Meter indications practically 
hard and closely ad- unusable. Distinct audible 
herent scale on the signals at 1.9 and 1.53 mega- 
reflecting surface cycles. Low frequency indi- 
cations not audible 
Glycerin- 0.305 4.6 Signals considerably stronger 
Aerosol * “ than with grease 
Steel ship plate, 0.560 Grease 0.544 65 Sufficiently strong indications 
inch thick, scale and with grease 
slight pitting on re- 
flecting surface 
Steel ship plate, deep} Grease 0.500 1 Very weak signal 
pitting on reflecting{ Glycerin- 0.495 10 Sensitivity increased approxi- 
surface, maximum / Aerosol mately ten times by using 
0.550 inch, minimum glycerin 
0.470 inch 


Note: Solution consisting of one gram of ‘‘Aerosol” per quart of glycerin. Aerosol 


serves as a wetting agent. 


plate. If only one surface is severely pitted, and if this 
surface is accessible for measurements, a hand-operated 
power grinder can be used to prepare a suitable surface 
and there will be no difficulty in obtaining readings. When 
the inaccessible surface is pitted, the ultrasonic energy is 
scattered at the reflecting surface and the intensity of 
thickness resonance indications will decrease. Excessively 
deep pitting will make it impossible to detect resonance 
indications. The maximum  peak-to-valley depth of 
pitting which can be tolerated depends on the thickness 
to be measured and the frequency used. In general, when 
the peak-to-valley depth of pitting exceeds 20 per cent of 
the total thickness or if it exceeds one-half a wavelength 


Figure 4. The complete portable Audigage flaw detector 
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(about 1/8 inch of steel at one megacycle) it will be im 
possible to detect resonance indications. A nonuniform 
thickness such as a wedge will have a similar effect. 

Dense, closely adherent scale on the opposite (inac: 
cessible) surface will have a strong weakening effect of 
the intensity of resonance indications although the scale 
will not be measured. In the measurement of ship hulls, 
for example, there is usually considerable pitting and < 
heavy scale on both sides. By using a power chipper 
remove scale on one side and a grinder to provide a rela 
tively smooth surface, it has been possible to use ultrasoni 
resonance type instruments to measure the remaini 
metal wall thickness. Table II indicates the effect sca 
and pitting will have on sensitivity for different coupling 
media. Sensitivity is defined as the ratio of resonan 
indications to the inherent background level. 

Nearly all materials, including concrete, plastics, and s¢ 
forth, can be measured if sufficiently low ultrasonic fre 
quencies can be used. However, since it is necessary 
use very large crystals at the lower frequencies, the cost 0 
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Figure 5. Measui 
ing the thicknes 
of pipes with 
portable ultrasoni 
thickness gauge 


crystals or the problem of obtaining suitable contact over 
a large area may make it impractical to measure materials 
with poor transmission of the higher ultrasonic frequencies 
Frequencies above one megacycle are usually most suitabli 
for applications on metals and glass. 

In general, most of the ultrasonic energy will be reflected 
at the interface between a metal and a liquid, since liquid 
have generally lower impedances than metals. It i 
therefore possible to measure the wall thickness of tube 
and tanks without any error due to a liquid in contae 
with the opposite surface. An exception which has bee 
encountered was on tubes used in a mercury boiler. Th 
combination of mercury together with a wetting agen 
made it impossible to obtain a reading for the wall thick 
ness of such tubes unless the mercury was removed, sint 
mercury is also a high-impedance material. 


FLAW: DETECTION 


Sy ULTRASONIC waves are reflected at any discot 
tinuity, it is possible to apply the same principle 
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sed for thickness measurement to certain flaw detection 
pplications. One type of commercial equipment which 
used to detect cracks in rails within the joint bar area is 
1own in Figure 4. The complete equipment, including 
lf-contained power supply, weighs only 11 pounds and 
1€ condition of the rail is indicated by the audible tone 
roduced in headphones. In this equipment, the fre- 
uency is modulated over a range which includes many 
ssonance peaks and results in an audible tone with a 
equency which is proportional to the distance from the 
yp of the rail to the first discontinuity. Other applica- 
ons include the detection of laminar flaws in metal 
lates and hydrogen blisters in pressure vessels. The 


output of the instrument may be applied to any cathode-ray 
oscilloscope to provide a visual, rather than an audible, 
indication, when desirable. 

Figure 5 shows a portable thickness tester in use. After 
preparing the test surface, the operator applies the crys- 
tal while making adjustments on the instrument. 
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Electrical Essay 


Three-Phase Network 


The engineer from the land of pure electrical constants 
yas showing me his collection of odd networks. He took 
me of them from the shelf and sketched its connection 
iagram as shown in Figure 1. The network includes 
hree air-core transformers of unity turn ratio, without 


HA 


C 


Figure 1. Sketch of connection diagram of the 3-phase network 


ysses, and with coils having the same value of self-induct- 
nce and mutual inductance. Coils of two transformers 
re connected in series with a capacitor to form each 
leg”’ of a 3-phase star-connected network. Ata specified 
‘equency each winding has a reactance jX, the mutual 
eactance of each pair of windings in a transformer is 
X¥, the reactance of the capacitor in the reference phase 
; —j3X, and the reactance of the remaining two capacitors 
m—7X each. 
What is the property of this network that gives ita 
lace in the engineer’s collection? 

A, A. KRONEBERG (F ’48) 


(Southern California Edison Company, Los Angeles, Calif.) 
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Answer to Previous Essay 


A 4-Point Network. The following is the author’s answer 
to his previously published essay (June 57, p 540). 


Determination of mutual voltage drops. Select any three 
points from the original network (for example, A, B, and 
C) and assume the original network to be replaced by a 
delta (see Figure 1) of impedances between the three 
points such that the impedance between any pair of points 
on the equivalent delta is the same as the known impedance 


Z3 Zi 


Ze 


Figure 1 


of the original network between the corresponding pair of 
points. 


* Kal(Zat Xs) 
hago: 2 
— lB Za) 
AB Zit Zatha 
Rha Zi) 
berks ae ey eA 


The mutual voltage drop between AB and AC is defined 
as the voltage from C to A when one ampere enters the 
network at B and leaves the network at A, and by the 
reciprocal theorem this voltage is equal to the voltage from 
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B to A when one ampere enters the network at C and leaves 
the network at A. 

Assume that one ampere enters the network at B and 
leaves at A: 


Exz= KAB 
eS KK KIFK2) KIRK 
ZtR (LitRe) (Kat Ket Xs) <it<atK 


From the equations shown for 4¢, Lay, and <go it will 
be found by trial that 


Aik 
Ait Kat Ks 


‘Therefore 
Exc="/2(Kact+ X<aB— <Be) 


Thus the mutual voltage drop between a pair of im- 
pedances meeting at a point equals half the sum of the 


Exc= (Kaz) = = 


=1/2(ZactLap—Xac) 


B 


Figure 2 


network impedance across each of these impedances 
minus half the network impedance across the open delta 
formed by the two impedances meeting at the point. 


Determination of branch impedances in the 4-point network. 
Select one point from the original 4-point network and 
consider only the impedances connecting to this point 
(for example, point A and the connecting impedances 
Z4p» Zac) and Z,,). The impedances connecting to point 
A are drawn 120 degrees apart in Figure 2 for purposes of 
symmetry. 


NOMENCLATURE 


Kab, XaAc-..are terminal impedances between these points as 
measured from the original network 

ZARB; £Ac-- are branch impedances to be determined in answer to the 
problem 

Igy is the current through 6 when one ampere enters the network 
at B and leaves the network at A 

Ipy is the current through 6 when one ampere enters the network at 
D and leaves the network at A 


Similar meanings assigned to Igy, Ipa, Ina, Ica, Ise, Ipc, and Ie: 
Capital letter subscript indicates the point where one ampere enters 
the network and lower case subscript the impedance through which the 
current flows. 


B is the voltage at B with respect to A when one ampere enters the 
network at B and leaves the network at A. B= 24, 

C is the voltage at C with respect to A when one ampere enters the 
network at C and leaves the network at A. C= Z4¢ 

D is the voltage at D with respect to A when one ampere enters the 
network at D and leaves the network at A. D=Z4p 

E is the mutual voltage between 6 and d which equals the voltage at 
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B with respect to A when one ampere enters the network at Da 
leaves the network at A. Thisis also the voltage at D with raped ‘O 
A when one ampere enters the network at B and leaves at A. Va: 


1/o(Zapt <ap— <sp) 
Fis the mutual voltage between c and d. F=1/2(Z4n+<aso— <p) 


Gis the mutual voltage between b and c. G=1/. o(Last<ac— <ze) 


SOLUTION 


Tpy(Zaz) = B 
Ipp (Zaz) =E 
Ion (Zaz) =G 

Dividing equation 1 by equation 2 and cross multiplying 
gives equation 4. Also dividing equation 1 by equation 
3 and cross multiplying gives equation 5. This operation 
eliminates the unknown impedance z,, and gives two 
equations in three unknown currents. 


B(Ip») = Epp) (4) 
B(Icy) =G(Ipp) (5) 

Repeating the above steps for the voltage drops in in 
pedances z,, and z,, results in equations 6, 7, 8, and 9. 


D(Iga) =E(Ipa) 
D(Ica) =F (Ipa) 
C(Ipe) =G (Ice) 
C(Ipc) =F (Ice) 
Equations 4 through 9 are six linear equations involvi 
nine unknown currents. Three more current equations 
may be written based upon the fact that in all cases one 
ampere is assumed to enter the network at some point an 
to leave the network at A. This means that the sum of the 
currents flowing toward A must equal one in each casé, 
and thus equations 10, 11, and 12 may be written. 


Tgp+Ipatlac =1 (10) 
Ipyt+Ipat+loce=1 (11) 
Top t+Tcatloce=1 (12) 


Solving the foregoing nine linear equations in niné 
unknown currents for one of the currents gives 


BCE+BDG— BCD — BF(E+G—F) 
CEE+DGG+ BFF— BCD —2EFG 


(13) 


Bb >= 


Repeating equation 1 
Tpo (Zan) = B (1) 


CEE+ DGG+ BFF— BCD —2EFG 


tan B/Ipp CE+DG—CD—F(E+G—F) 


(14 


Equation 14 is an expression for one of the unknowr 
impedances in terms of B, C, D, E, F, and G which are 
related to the given impedances in the nomenclature 
B, C, and D are directly equal to some of the given im: 
pedances while FE, F, and G are each equal to half the sum 
of two of the given impedances minus half of another of thi 
given impedances. Equation 14 is a preferable form o 
answer to substituting the given impedances in it as it i 
shorter and is so symmetrically related to the diagram tha 
expressions for the other unknown impedances may b 
written by inspection. 

The foregoing solution is a general one which may b 
applied to similar problems of any number of points. 


LYLE A, DUNSTAN (M747 


(Federal Power Commission, Washington, D. G 
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Sensitive Relays in Process Control 


Ra TERT ER CE 


Sensitive relays often can be used in process 

control where conventional controllers are im- 

practical or too expensive. This article outlines 

some of the design factors that must be con- 

sidered when using these relays and gives 
some typical circuits. 


processing that is finding many applications where 

conventional controllers or recorder-controllers may 
be too complicated or too expensive. These relays operate 
on the permanent-magnet moving coil principle, and are 
capable of contacting on small values of microamperes or 
millivolts. 

Sensitive relays are made with two basic types of con- 
tacts, nonmagnetic and magnetic. When any relay makes 
contact, it must exert enough pressure to break through the 
surface resistance of the contact material. ‘Therefore, the 
nonmagnetic contact relay requires enough energy to over- 
come this surface resistance. 

The magnetic contact relay has a permanent magnet for 
the stationary contact and a magnetic rider on the movable 
contact arm. ‘The energy required is only that necessary 
to deflect the movement until the rider on the movable con- 
tact arm is in the magnetic field of the stationary contact. 
At that time, the contacts snap together with a force that 
may be as much as 2,000 times the operating torque of the 


By eecing RELAYS offer a method of control in 


relay. ‘This force is much greater when the two magnetic. 


pieces are suitably alloyed to serve as the contacts. 

However, the magnetic contacts have to be reset by some 
outside force. This may be accomplished manually or 
by a solenoid reset. The manual reset generally is used if 
corrective action on the part of an operator is desirable and 
the resetting occurs after normal operating conditions are 
re-established. The solenoid reset is built into the relay 
and the circuit to the solenoid may be completed by con- 
tacts on a secondary relay that is in the chain of operation. 

In the following discussion the control of temperature by 
using thermocouples or resistance bulbs will be used as an 
example, but the same factors would apply if some other 
low-energy converter were used. 


Nonmagnetic Contact Relays (see Figure 1). Due to contact 
resistance, the limit in movable coil sensitivity is 7.5 micro- 
amperes or about one millivolt at a coil resistance of one 
ohm. Also, the secondary circuit handled by the contacts 
must be suitably engineered to limit arcing. On most of 
these relays the contacts are rated 200 milliamperes at six 
volts direct current noninductive load. 

When changes in the controlled quantity occur at a 
fairly rapid rate, a nonmagnetic contact type of relay may 


R. T. Pierce is with Weston Electrical Instrument Corporation, Newark, N. J. 
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Figure 1. 


Three types of nonmagnetic relays 


TO LOAD 


TO 
CONTROL 
SOURCE 


i5 V 60 CYCLE SOURCE 


Figure 2. This circuit uses a nonmagnetic relay and requires no 
reset mechanism 


TO 
CONTROL 


SOURCE TO CONTROL 


TO CONTROL 


llSv 60 CYCLES 


Figure 3. This sensitive relay circuit is useful if changes in the 
controlled quantity are fairly rapid 
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be used. But when these changes are slow, arcing may 
occur before positive contact is made. 

If it is difficult to work out methods of resetting the mag- 
netic contact, the circuit shown in Figure 2 will enable a 
nonmagnetic contact relay to be used. In this circuit a 
pair of contacts on the power relay is used in parallel 
with a pair of the sensitive relay contacts so that when the 
power relay closes it locks itself in. When the sensitive 
relay makes contact on the other side, the operating coil on 
the power relay is short-circuited through a suitable resist- 
ance and opens. ‘This reduces arcing and provides re- 
liable operation for long periods of time. 

Figure 3 shows a typical wiring diagram for application 
where the changes in the controlled quantity are fairly 
rapid. If on and off control from one set of contacts on the 
sensitive relay is desired, one power relay may be omitted. 


Magnetic contact relays. Magnetic contact relays, Figure 4, 
have a number of advantages over the nonmagnetic contact 
relays, provided a method of resetting can be worked out. 
Also, some of these relays have a calibrated scale and meth- 
ods of adjusting to contact at various operating values. 


OLS awnsieore =’ 
BENSITS FA. PreLay 


Figure 4. Some typical magnetic contact relays 


TO LOAD 


MODEL- 705 CONTACT ON INCR. 


VOLTAGE 
SUPPLY 
FOR 705 
SOLENOID 


AND 
MODEL-712 


TO 
CONTROL 
SOURCE 


Figure 5. Temperature control circuit using two magnetic con- 
tact relays, one to increase, the other to decrease temperature 
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TO CONTROL. CURRENT 
RESISTOR BULB 
THERMOCOUPLE ECT. 


MODEL 7O5type 4or5 


1000 MFD 
CONDENSER 
FOR LONGER 
DURATION 
== VOLTAGE SUPPLY OF PULSE 
== FOR 705 SOLENOID 

AND 712 RELAY 

MUST BE 6 V.D.C. 

IF COND, 1S USE 


Figure 6. A pulsing-type control using a magnetic contact relay 


SOURCE OF POWER 


CONTROLLER MAIN HEATER 


CONTROLLED HEATER 


Figure 7. The smaller controlled heater enables a close control 
of temperature 


The most sensitive relay will make contact on 0.5 micro 
ampere or on one millivolt with a coil resistance of 2,000 
ohms. Other of the relays illustrated in Figure 4 make con 
tact at five microamperes or on 2.5 millivolts with a coil 
resistance of 500 ohms. The contacts will handle five 
watts at 115 volts, 60 cycles. 

Figure 5 shows two magnetic contact relays, one for cor 
tacting on increasing temperature and one for contacting 
on decreasing temperature. Each relay is equipped with 2 
solenoid reset and has a power relay. The power relay 
contacts reset one sensitive relay when the other operates. 

Figure 6 shows a pulsing type of control using one mag: 
netic contact relay and one power relay. The magnetic 
contact relay closes when heat is required and closes thé 
power relay. Contacts on the power relay reset the mag 
netic contact relay through its solenoid. However, when the 
power relay closes it supplies a pulse of energy to the heating 
source and then the contacts open. If the pulse of energy 
to the heating source has not raised the temperature suff- 
ciently, the contacts will close again. This will continue at 
slower intervals until the temperature is correct. 

This method is capable of very close control. Care 
should be taken to control as small a portion of the load a 
possible to keep the load on the power relay contacts ow y 
This may be accomplished by connecting the main heater 
across the source and controlling a smaller heater to main- 
tain proper temperature, as shown in Figure 7. 

These circuits are typical control applications using sensi- 
tive relays. Many variations might be used for specia 
control characteristics such as time delay and slow action o 
fast action in the basic response of the sensitive relay. 
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Magnetrons for Dielectric Heating 


ROB ANELSON 


ICROWAVE TUBE 
Vf developments several 

years ago reached the 
ige where kilowatts of 
wer were available at fre- 
iencies of 10° to 10*° cycles. 
1€ question quickly arose, 
Vhy cannot all dielectric heating which, is difficult or 
possible at low frequency be done easily at these micro- 
ave frequencies?” Fundamental to dielectric heating 
the relationship 


cycles, 


= 2a fE%"” X 0.0885 X 10-2 (1) 


rere P=power in watts per cubic centimeter converted 
heat in the dielectric, f=frequency of alternating 
ctric field, E=rms field strength in volts per centimeter, 
id e”=loss factor of the dielectric. 
If it is desired to increase the rate of heating a given 
electric material, the field strength or the frequency 
ay be increased. The field strength is easy to control, 
it it can be increased only to the limit imposed by arcing 
tween the electrodes and the work. ‘The field strength 
which arcing occurs varies tremendously with different 
nds of materials. For a box of raisins—high-dielectric- 
nstant lumps touching at small points—there is a con- 
ntration of field at the contact points which causes 
cing and local burning at low electrode voltage. 


CHOICE OF FREQUENCY 


T Is SEEN from equation 1 that the rate of heating at 
constant voltage is proportional to frequency if the loss 
stor does not change. In most materials, the loss factor 
tually rises with frequency in the useful ranges. This 
unds like an unmitigated blessing: a sufficiently high 
quency can be used to heat any material as fast as is 
sired with a voltage safely below the breakdown point. 
1ere are, however, limits on usable frequencies imposed 
- economic and physical factors. 

In the microwave region, it has been found extremely 
ficult to shield dielectric-heating equipment to reduce 
diation below the Federal Communications Commission’s 
CC) allowable maximum. For example, a series of 
ts was made of radiation from a resonant-cavity box. 
1e cavity contained a dinner and was fed with 4 kw of 
wer at 1,040 megacycles. The following average ra- 
ated field strengths were measured: 


Radiated Field Strength 


Method of Closing Cavity (Microvolts per Meter at 1 Mile) 


lio-frequency choke filter........... 050000 ee en sees sees ee se F000 
EEEOMUACIS tc iee ihc sr ae face wenn nals 6 Foie y sinin o) 300 
ke filter plus surrounding metal cabinet..... eee tie si ath eins 400 
DPR COVED TROUT, sa lles os wc sew ne Maly vwiesn eee eva <2. Small 
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High power magnetrons are used at the ultra- 
high frequencies for fast dielectric heating. 
One such tube, generating 5 kw at 915 mega- 
and associated control circuits 


described. 
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These measurements, made 
by Dr. H. W. Anderson of 
the General Electric Elec- 
tronics Laboratory, are not 
presented as accurate data. 
Their order of magnitude 
demonstrates, however, that 
shielding is impractical in the microwave region. Heating 
apparatus is essentially confined to the frequency bands 
assigned for this service where large amounts of stray ra- 
diation are permitted. These bands are as follows: 


are 


Center Deviation , Quarter 
Frequency, Allowance, Wavelength 
Megacycles Megacycles in Air, Inches 

DAG ive alate mre alles acacafials sal ole a apaeya es OSES 5 aN Neate ate eee ene 3.22 
A | Re aE MI ecco ei wate acess orgs a On LO GOC IC 1.21 
OR) ee Onn Oar Aree mee rome ketre A ARR BR Se ta ci 0.50 
AAG) Ue teckears ane Gio inc ao cece (i foot VEL et BRINE SRE reciri nares 0.28 
US OOO ieee, “sce ac oSoteih weve sly, avait nates SIRO Os rat Seen cree eee 0.16 


At 915 megacycles, a rugged magnetron oscillator, to 
be described in this article, is available to give 5 kw output. 
Experimental magnetrons have been built to produce 50 
kw in this frequency range. 

At 2,450 megacycles, magnetrons are available from the 
Raytheon Manufacturing Company giving up to 2 kw 
output. At higher frequencies, tubes suitable for industrial 
use have not yet been put on the market. They can be 
made if a demand for them develops. 

Most of the materials to be heated with microwaves are 
relatively low-loss dielectrics. This means that in the 
passage of an electromagnetic wave through the material, 
only a small part of the energy in the wave is absorbed per 
wavelength of travel. If it is desired to dissipate all the 
energy in the wave in a piece of dielectric no more than a 
few wavelengths long, the wave must be reflected back 
and forth through it many times. Interference of these 
reflected waves sets up a standing-wave field pattern with 
maxima and minima of field strength separated by one- 
quarter wavelength. 

The standing-wave pattern imposes definite restrictions 
on the size of objects which may be heated uniformly at a 
given frequency. Consider the case of a cylindrical 
resonant cavity excited with the electric field parallel to 
the axis. 

The electric field strength is given by 


E=EnmaxJo(6.28 r/X) (2) 


where Emax =maximum field (on the axis), r=radial dis- 


Essential text of a conference paper, “Tubes for Dielectric Heating at 915 Megacycles,” 
recommended by the AIEE Committee on Electronics and presented at the AIEE 
Winter General Meeting, New York, N. Y., January 22-26, 1951. 

R. B. Nelson, formerly with the General Electric Company, is now with Litton Indus- 
tries, San Carlos, Calif. 
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tance from the axis, and \=wavelength in the material 
with which the resonator is filled. 

In Figure 1 is plotted the variation in E? derived from 
this equation. The rate of heating, proportional to E?, 
is greater than 90 per cent of its maximum value inside a 
radius of 0.07X. 

In a practical case, such as heating a plastic preform, 


sorry OE 

/ \ 

\ Ve 

\._|_ 90% oF MAXIMUM 
HEATING INSIDE 


THIS AREA 


Figure 1. Electric 
field distribution in 
cylindrical resonator. 
Rate of dielectric heat- 
ing at any point is 
proportional to E? 


the dielectric load is placed only in the center of the cavity 
where the field is high and uniform. If the diameter of 
the cavity is adjusted for resonance, with a coaxial cylinder 
of dielectric, the field in the dielectric will be exactly the 
same as the field in a smaller cavity completely filled with 
dielectric. 

For a plastic material of dielectric constant 4.0, heated 
with 915-megacycle waves, the wavelength in the material 
is given by the equation 


Nils rR 
ha = = | 6.45 inches (3) 


Ve’ +/4.0 


where \o= wavelength in free space in inches, and ¢’ = real 
part of dielectric constant. 
If the plastic cylinder has a diameter d such that its 


Table I. Specifications of Z1492 Magnetron 


outside surface is heated 90 per cent as much as its cent 


d=2X0.07 X6.45 inches=0.9 inch _ 


is the maximum diameter permitted. 

This example illustrates the role of standing-way 
patterns in selecting frequencies. Another effect becom 
important for very high-loss materials. Here the electr 
magnetic wave may lose its energy so rapidly in its fit 
passage into the material that at the center of the load # 
fields are too weak to produce enough heat. For exampl 
consider roast beef with a dielectric constant of 28 and 
loss factor e”=5.6 at 915 megacycles. The attenuatic 
constant a for the fields of a wave is given by 


wv 86€" 


ak wah 
The power density in the wave 
E*=Epe—4 


If the effective depth of penetration p of the wave is defing 
as that depth at which the power density has fallen 


1/Ve or 0.61 of its initial surface value 


4a Are” 
In roast beef 


p=0.97 inch effective penetration at 915 megacycles. 


Figure 2. A 
magnetron tube. 
tube on the right 
completely sectione 
except the cathode 


These examples indicate how, for any type of loa 
consideration of the wavelength in the material in relatic 
to the size of the piece leads to the choice of frequenc} 
Present applications use the 2,450-megacycle and the 915 
megacycle bands, and it appears that these will remaii 
the most important in the microwave region, even whél 


Electrical Mechanical Maximum Ratings 
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es eventually become available for operation in the 
her frequency bands. 


THE 915-MEGACYCLE 5-KW MAGNETRON 


Y THE General Electric Company, microwave heating 
investigations and developments have been  con- 
itrated at 915 megacycles. Tube development, which 
d to come first, was started in the General Electric 
search Laboratory in 1945 with a 5-kw magnetron 
illator, the RN48, operating at 1,040 megacycles. The 
tory model of this tube, changed to 915 megacycles 
en the FCC assigned a frequency band, has the develop- 
ntal designation type 27492. 

Specifications and operating conditions of the 27492- 
ignetron are listed in Table I. 


CONSTRUCTION 


aces magnetron, and a similar one cut open 
to show the interior, are shown in Figure 2. 

Construction of the 5-kw magnetron is shown in the 
tion drawing, Figure 3. The filament is a helix of pure 
agsten wire of 0.400-inch diameter. Surrounding it are 
1 anodes on a 0.687-inch diameter, formed by U-shaped 
yps of 3/16-inch copper tubing through which the cooling 
iter flows. This method of removing heat from the 
odes gives good dissipating ability and practically 
minates frequency drift from thermal expansion of the 
ode structure. ‘The ten resonant circuits of the oscillator 
= formed by the anode pipes themselves and the copper 
be shell connecting them at their outer ends. At their 
ner ends, the anode pipes are connected alternately by 
pper straps into two sets of five anodes. ‘The purpose 
these straps is to increase the frequency separation be- 
een the resonant modes of the anode structure so that 
= oscillation always will take place in the desired mode 
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Figure 4. Magnetron mounting and connections. The tube 
slides into the magnet, bottom end first, and simultaneously makes 
contact with the output transmission line 


with alternate anodes 180 degrees out of phase. The 
resonant circuits would be quite loosely coupled without 
the straps, with the resulting resonant frequencies differing 
by afew per cent. In the strapped structure, resonances of 
a laboratory tube were at 1,063 megacycles, 2,110 mega- 
cycles, 3,040 megacycles, 3,750 megacycles, and so forth. 
This extreme mode separation is not necessary, but it has 
proved very desirable in dielectric heating. Where the 
impedance presented by the load to the oscillator may 
change greatly, it is well to have insurance against oscilla- 
tions jumping to another mode. 

Returning to Figure 3, coupling of the anode tank 
circuits to the load is provided by a copper strap connected 
to one leg of one anode pipe and leading through the glass 
output seal to an external coaxial line. The point of 
attachment to the anode pipe is determined to give the 
proper loading of the oscillator when the transmission line 
is reflectionless. 

The tube is mounted by sliding it inside its solenoidal 
electromagnet. As shown in Figure 4, the magnet has an 
iron shell which carries the flux. Jumping a short gap 
formed by the copper-tube shell, the flux enters the iron 
pole pieces inside the tube and provides the magnetic 
field parallel to the axis of the anode and cathode. As 
the tube is plugged into its magnet, its output end makes 
contact with the inner and outer conductors of the trans- 
mission line. Air is blown in through the inner conductor 
to cool the glass seal, which itself undergoes dielectric 
heating. 

Operating characteristics of a magnetron are best shown 
by two sets of curves. Figure 5 is a performance chart 
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Figure 5. 
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where contours of magnetic field, out 
put power, and efficiency are plotte 
on co-ordinates of plate voltage an 
current. These data are taken with 
the transmission line matched to th 
load. 

Figure 6 is a Rieke diagram where 
for standard conditions of plate currei 
and magnetic field, the efficiency an 
wavelength are plotted on co-ordi 
nates of reflection coefficient of th 
load for waves going down the trang 
mission line. 


ASSOCIATED CIRCUITS 


Electromagnet control. The magne 
tron is essentially a diode, operatec 
for convenience with its anod 
grounded. ‘The plate power supply 1 
between cathode and ground. It he 
been found advantageous to ret 
the low-voltage end of this supply t 
ground through the electromagnet, si 
the magnet is effectively in series wit] 
the plate current of the magnetron 
The reason for this may be seen Bb 
examination of Figure 5. If the mag 
netic field is constant, a small change ij 
plate voltage produces a large chang 
in current and output power. ‘The 
dotted curve in Figure 7 shows this re 
lation. Line-voltage fluctuations car 
cause serious output variations. 

When the plate current flows throug 
the electromagnet, an increase in plat 

voltage causes increased cur 
' rent to flow, raising the mag 
netic field in proportion. 
is seen from Figure 5 that the 
plate voltage is almost di 
rectly proportional to magnetil 
field. The resultant effect i 


Figure 6. Rieke diagram showi 
variation of wavelength and 
ficiency with load impedance 
The radial co-ordinate is voltage 
reflection coefficient of the loa¢ 
on the transmission line. (Scz 
marked in standing-wave ratio i 
decibels.) Azimuthal co-ordinat 
is phase angle of the reflection 
coefficient. (Scale marked 
wavelengths displacement 
. standing wave minimum.) Dotteé 
lines are constant wavelengt 
contours, numbered in centimeter 
above a fixed value. Solid line 
are constant efficiency conto 
Data taken at 1.0 ampere plat 
current, 1,200 gausses 
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ich that plate current becomes proportional to plate 
sliage. This ohmic characteristic gives much smaller 
ariations of power with plate voltage, as shown by the 
lid curve in Figure 7. 

The series electromagnet also stabilizes the output power 
gainst variations in load impedance. In Figure 8 power 
plotted against resistance of an ohmic load, measured in 
rms of <9, the characteristic impedance of the transmission 
ne which it terminates. The power curve with a series 
lectromagnet is more constant than with fixed magnetic 
eld and either constant voltage or constant current from 
1e plate supply. Obviously, judicious choice of regulation 
haracteristic of the supply could help in this respect also. 

One difficulty with the series electromagnet is that when 
ae plate voltage is first applied, the field is zero. Under 
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igure 7. Effect of plate voltage on output power, with fixed 
jagnetic field and with an electromagnet in series with the 
magnetron 


hese conditions, the magnetron will not start in its proper 
node but will oscillate in a high-frequency electronic mode 
t a voltage too low for the proper mode to take over. 
The remedy for this trouble is to have a residual magnetic 
eld present before the plate voltage is applied. Figure 9 
hows a rectifier circuit which supplies starting field by 
seding current into the magnet in parallel with the plate 
urrent. As the plate current rises, the drop in the magnet 
xceeds the rectifier voltage and the rectifier stops feeding 
urrent. 

The rectifier shown in Figure 9 has other uses. It 
rovides a surge path for the magnet current when the 
late supply is cut off, avoiding excessive voltage rise due 
9 the inductance of the magnet. 
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Figure 8. Varia- 
tion of output 
power with re- 


sistance of a non- 
reactive load, 
showing the effect 
of power-supply 
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Back-heating of the cathode in 5-kw magnetron. 
These data are for a matched load 


Figure 10. 


Also, with the variable a-c supply to the rectifier, it may 
be used as an output power control which is much cheaper 
than a plate power supply with continuously variable volt- 
age. Leaving plate voltage fixed, the d-c output voltage 
of the rectifier is raised until it feeds shunt current into the 
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magnet. ‘This raises the magnetic field and reduces mag- 
netron plate current. In this way, continuous power 
output control is obtained for the magnetron with a small 
variable autotransformer. 


Filament temperature control. One very important piece 
of circuitry is a device for keeping the magnetron’s filament 
at the proper temperature. The filament receives a con- 
siderable amount of energy from bombardment by elec- 
trons which get into the radio-frequency field in the wrong 
phase and are accelerated, just as in a cyclotron. Most of 
these electrons strike the cathode. In Figure 10 is plotted 


Figure 11. Constant 
temperature filament 
regulator circuit. Re- 
sistance of the mag- 
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the back-heating power in a £/492-type magnetron at 
1,000 and 1,400 gausses as a function of output power. 
These data were taken with a load matched to the output- 
transmission line. Unfortunately, the heating is also a 
complicated function of load impedance, getting worse for 
unloaded conditions. No device capable of anticipating 
its amount has been very satisfactory. 

The £7492 cathode, running normally at 560 watts, 
would have its life shortened by a factor of 7 by the addition 
of 155 watts of back-heating, so it is worth while to com- 
pensate for it. 


IRON MAGNET SHELL 


CERAMIC 
DOME 


WAVEGUIDE 
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A regulating circuit, shown in Figure 11, compares th 
resistance of the filament with a reference resistor. / 
the filament temperature rises, its resistance increase 
This generates an error signal in the servo circuit whic 
reduces the heating current. 4 

The circuit as shown will compensate for three-fourt 
of the back-heating power in a £7492 magnetron. Nh 
elaborate controllers with better regulation have bee 
designed, but the circuit shown has the advantage ¢ 
simplicity and of failing safe. Ifa tube loses conductivit 
the magnetron filament becomes colder. 


Radio-Frequency Transmission Lines. The £1492 is dk 
signed to feed into a 31/,-inch coaxial transmission line ¢ 
53 ohms characteristic impedance. Lines with dielectr 
beads supporting the center conductor are not desirable 
due to reflections from the beads and dielectric losses i 
them. Stub-supported lines have been used having ai 
inner conductor 1.250 inches in diameter and an oute 


TUNING 


COUPLING 
Loop Coe 
$ Figure 12. Resonz 
PLASTIC LOAD cavity for heating plasty 
preforms 

TRANSMISSION 
LINE FROM DIELECTRIC TABLE 
OSCILLATOR 
conductor 3.027 inches in inside diameter, and the 


have been found satisfactory. 

In microwave heating, even more than low-frequeml 
heating, each job presents a new problem in coupling powel 
to the load. One example which has been studied is tt 
heating of precooked frozen dinners. A specialized uni 
for this purpose was developed by P. W. Morse and H. E 
Revercomb.! It contains a resonant cavity, inside whic 
the food is rotated on a phonograph-like turntable t 
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gure 14. Tungsten spiral cathode. Filament wires are 0.100 


ch in diameter. Anode structure of high-power tube is at 


the upper right 


erage out the standing-wave pattern. Transition from 
e frozen condition to edibly hot was accomplished in 
le minute. 
Another example of coupling methods is in the preheating 
thermosetting plastics. Here the pieces are small and 
uiform, but a very even temperature is required. One 
ethod which has been used is the resonant cavity shown 
Figure 12. The transmission line is coupled by an 
ductive loop to the cavity, which is tuned to resonance by 
oving one side. The plastic preform pellet is placed at 
e center of the cavity in the region of most uniform field. 
support of low-loss dielectric prevents burning at the 
ints of contact with the metal walls. 
In this cavity, fed with 915-megacycle power, phenolic 
astics can be preheated to a molding temperature of 
0 degrees centigrade in one second. 


HIGH-POWER MAGNETRON 


))XPERIMENTAL magnetrons have been built to give up 
4 to 50 kw output at 1,000 megacycles. One such tube 
as developed as part of a Signal Corps contract. ‘This 
agnetron operates at about 14 kv, with a magnetic field 
1,500 gausses. Plate efficiency is from 50 per cent to 
) per cent. 

At the high-power level, it is desirable to use wave- 
iides for transmission lines. .The magnetron output is 
ssisned to couple directly into the waveguide, as shown 
Figure 13, by a quarter-wave antenna penetrating the 
lide. Surrounding the antenna is a ceramic dome 
hich forms the vacuum seal. The ceramic material, 
gh-alumina vitreous body known as ‘‘Aluminite,” will 
and much higher powers than glass. ‘The anode structure 
this large tube, shown in the insert of Figure 14, consists 
16 anodes 31/2 inches long by !/s inch wide, each carrying 
yoling water. It will dissipate 80 kw. 

The limit on power in these continuous-wave magnetrons 
in the cathode, where back-heating is severe. Experi- 
ents were carried on with water-cooled cathodes coated 
ith good secondary-emitting materials. Such a cathode 
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is shown in the tube in Figure 13. 
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With a secondary 
electron yield ratio of 3-to-1, the back-bombarding electrons 
generate enough secondary emission to sustain oscillations. 
A small thermionic cathode is used as a starter. With 


these cathodes, power output of 50 kw was obtained, but 


the life was measured in tens of hours. The secondary- 
emitting surfaces consisted of active metals such as mag- 
nesium and beryllium oxidized to a depth of a few hundred 
angstroms. In operating the tube, residual gases are 
ionized by the high density of electrons between cathode 
and anode. These positive ions bombard the cathode, 
and are believed to sputter off the oxide layer, leaving a 
clean metal surface which has a low secondary yield. 

Thermionic cathodes coated with thoria were tried. 
Powers around 30 kw were obtained, limited by cathode- 
to-anode breakdown. ‘These cathodes should have very 
long life. A pure-tungsten hot cathode is shown in Figure 
14. It has a maximum heating power of 5 kw. With it, 
outputs of 35 kw were reached, limited by back-heating of 
the cathode exceeding its total power requirement. 

The conclusion from these high-power tube tests is that 
we now know how to build a good 30-kw oscillator at 
1,000 megacycles. q 


REFERENCE 


1. UHF Heating of Frozen Foods, P. W. Morse, H. E. Revercomb. Electronics (New 
York, N. Y.), volume 20, October 1947, page 85. 


17,000,000-Volt Linear Accelerator 


Electrons race down the 21-foot length of this 17,000,000-volt 
linear accelerator now in use in the Laboratory for Nuclear 
Science and Engineering at the Massachusetts Institute of Tech- 


The new machine will be used for nuclear research on 
the ultimate nature of matter 


nology. 
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INSTITUTE ACTIVITIES 


Fourteen Technical Sessions Held at 
AIEE Great Lakes District Meeting 


A wide range of subjects was covered in 
the 14 technical sessions of the AIEE Great 
Lakes District Meeting held at the Loraine 
Hotel, Madison, Wis., May 17-19, 1951; 
the attendance was 626 members, students, 
and guests. . 


OPENING SESSION 


J. R. North, ATEE Vice-President of the 
Great Lakes District, presided over the 
opening session and introduced Governor 
Walter J. Kohler of Wisconsin, who wel- 
comed the guests to the city and state. He 
congratulated his audience on being mem- 
bers of a great profession who have con- 
tributed so much to the American way of 
living. 

Mr. North then introduced AIEE Presi- 
dent Titus LeClair who- told that when he 
first became interested in the Institute, it 
had approximately 7,000 members. Now 
that number represents the personnel serving 
on the various committees. This is illustra- 
tive of the growth of the AIEE, most of 
which has occurred in the last ten years, and 
it must continue to grow. 

Approximately three per cent of this 
country’s population is engaged in some 
phase of engineering and there is a need for 
more engineers. In 1951 it is estimated that 
only 30,000 engineering graduates will be 
available to industry; next year there will 
be about 21,000 with fewer in 1953 and in 
1954 only about 15,000. This decrease of 
young engineering manpower is a serious 
problem which should receive the attention 
of the Institute members, who are urged to 
explain to the parents a high-school pupils 


and to the pupils themselves that this future 
shortage of engineers must be relieved and 
that opportunities in the engineering field 
are better than ever. 

Because the electrical engineering pro- 
fession is progressing at such an accelerating 
pace, specialization is inevitable. This 
means that more technical papers should 
be presented at Institute meetings with an 
attendant increase in costs. Within the 
year this problem will be solved. 

President LeClair has asked that appro- 
priate machinery of the Institute be set up 
to appoint committees because it is impossible 
for the president to know the qualifications 
of all the committee personnel. The Com- 
mittee of Planning and Co-ordination has 
this and other problems now under con- 
sideration. 

A plea for greater unity on the part of the 
Institute membership was made. A spokes- 
man is needed who can present engineers’ 
problems before legislative bodies. The 
President reminded his audience that they 
will get out of the Institute what they put 
into it and asked that they work harder 
than ever for AIEE. 

Mr. North next introduced C. F. Wagner, 
consulting engineer with the Westinghouse 
Electric Corporation, who spoke on “‘Corona 
Effects on Transmission Lines” with data 
based on tests made on the Tidd test project 
at Brilliant, Ohio. 

Two sets of data were obtained, one 
covering corona loss and the second dealing 
with radio influence. After the conductors 
of the test line had been aged at the maximum 
voltage at which the runs were made, it was 


Electrical World photograph 


Shown at the opening session of the Great Lakes District Meeting are: Walter J. Kohler, 

Governor of Wisconsin; J. R. North, AIEE Vice-President of the Great Lakes District; 

Carl C. Crane, Chairman of the District Meeting Committee; C. F. Wagner, speaker at 
the meeting; and AIEE President T. G. LeClair 
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~The corona of a heated conductor was 


found that different results were obtaine 
with the same electrical conditions on d 
ent days. The reasons given were 
under some conditions dust particles ad 
to the conductors’ surfaces and in gs 
other instances the surfaces themselves vy 
altered due to atmospheric conditi 
The results showed long time averages 
fair and foul weather are best and und 
these long term conditions moisture on th 
conductors showed a greater loss than | 
current had been flowing through ther 


than one in which current was not flow 
Furthermore changes in electrostatic conc 
tions due to the weather changed the groun 
gradient, but there was change in the loss. 

The speaker described the corona measii 
ing equipment and its use; the diffic 
in making measurements and how tl 
problems were solved under all sorts” To 
weather conditions. 

Radio-influence measurements have bee 
made with standard radio-noise and fiek 
intensity meters as well as radio receivers f 
amplitude- and frequency-modulated r 
ception and television receivers. The radi 
loss varies with atmospheric conditions an 
it can be reduced by balancing the line: 
In television tests it was found that at 
distance of 45 miles from the transmil 
station there were no changes in the receive 
picture. 

The speaker emphasized that only B 


determined. Corona studies should 1 
made in the field under all weather cond 
tions. It was further recommended 
corona itself should be studied as well @ 
radio influence, which will doubtless dictat 
the design of the lines. 
The presentation by Mr. North of th 
Best Paper Prizes for 1949-1950 in District 
followed. The first prize of $75.00 an 
certificate was awarded to W. G. Dow a 
H. A. Romanowitz for their paper, “St 
tical Nature and Physical Concepts 
Thyratron Deionization Time.” The seco 
prize of $50.00 and certificate was won 
E. E. George, H. W. Page, and J. B. W 
for their paper, ‘Co-ordination of Fuel Cos 
and Transmission Loss by Use of the Netwo 


Analyzer to Determine Plant Loadi 
Schedules.” 

BANQUET 
The banquet was held on Thursd 


evening at the Memorial Union on 
campus of the University of Wisconsi 
after which excellent entertainment w 
provided by student talent. The high spe 
of this was a series of songs by the Men 
Chorus of the University under the directio 
of Professor Paul Jones. 


LUNCHEON MEETING 


The feature of a well-attended lunche 
meeting on Friday was an address, “Resear 
in a Defense Economy,” by Dr. J. E. Hobso: 
Director, Stanford Research Institute. Th 
speaker emphasized that in the present de 
fense economy, all efforts toward organize 
research both within the government and 
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try should be redoubled, particularly as 
eers and scientists are in short supply. 
step in the right direction he referred to 
to establish applied research institu- 
in Germany and Italy. 
th a view toward improving the effi- 
y of research workers, Doctor Hobson 
of a research psychological study under 
at the Stanford Research Institute to 
‘igate the effects of environment and 
re the factors involved in maintaining 
ative and stimulating research atmos- 
Results so far are inconclusive but 
have enabled the rendering of assistance 
lividuals, 
¢ speaker urged that research for defense 
ndertaken along with research in the 
-diate commercial interests of the com- 
, and he warned that if industry did not 
a large part of the load of defense re- 


h in a free-enterprise system, the govern- 


would do it. The company that selects 
mment research in those areas where it 


ain knowledge that can be applied to its | 


nercial activities will be way ahead of its 
etitors. 

- stated that a group of organized re- 
hers in industry, a university, or an 
yendent organization is an important 
nunity asset and a vital part of our basic 
nal resources. ‘The complete address 
be published in a subsequent issue of 
‘ical Engineering. 

A. Peterson, Vice-Chairman of the 
ict Meeting Committee, introduced the 
rs at the speaker’s table. President 
air, on behalf of the Board of Directors, 
jlimented Chairman Crane and the 
ict Meeting Committee on the quality 
1e meeting. He was particularly im- 
ed with the excellent presentations in 
tudent session. 


STUDENT BANQUET 


1¢ Student banquet was held May 18 in 
Memorial Union Building of the Univer- 
xf Wisconsin, with Robert A. Susdorf as 
master. The address was given by 
V. Seeger, Vice-President in Charge of 
lopment, Cutler-Hammer, Inc., who 


Future AIEE Meetings 


fic General Meeting 

nomah Hotel, Portland, Oreg. 

ist 20-23, 1951 

1 date for submitting papers—closed) 


f Conference on Aircraft Equipment 
ywood Roosevelt Hotel 

Angeles, Calif. 

ber 8-10, 1951 


= Conference on Fractional Horse- 
er and Motor Applications to Re- 
ration Equipment and Pumps 

on, Ohio 

Bex 11—12,,.1951 


General Meeting (page 644) 

1 Cleveland, Cleveland, Ohio 
ber 22-26, 1951 

1 date for submitting papers—closed) 


er General Meeting 

1 Statler, New York, N. Y. 

ary 21-25, 1952 

I date for submitting papers—October 23) 
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Attending the Great Lakes District Meeting are, left to right: John Baird, Councilor, 
University of Wisconsin Branch; T. J. Higgins, University of Wisconsin; R. E. Johnson, 
Chairman of the Committee of Judges of Student Papers; M. O. Withey, Dean, College 
of Engineering, University of Wisconsin; H. A. Peterson, University of Wisconsin 


previously had received a citation award 
from the University of Wisconsin as an out- 
standing engineer in the region. In view of 
the short supply of engineers and the present 
manpower situation, the speaker counseled 
against overoptimism. He cited that one or 
two years ago there was an oversupply of 
engineers; at that time those about to enter 
the field of employment would have to be 
good to live through that situation. 

In the present situation engineers, teachers, 
and all engaged in the profession would have 
to work harder, upgrade the engineers, and 
use technicians where possible. However, on 
the opposite side he pointed out that there 
never has been an oversupply of engineers for 
any length of time. 

With respect to the high character of the 
profession, the speaker felt that those about 
to enter the field of engineering were very 
lucky as we live in the best country in the 
world, and production has brought about a 
standard of living that is better than any- 
where else. Furthermore, he felt that 
graduates were entering the best business in 
the country and that the nicest people were 
those working on development work. 

In conclusion, Mr. Seeger suggested that 
the following points should be kept in mind: 
Make up your mind as to what you think 
success is—money, happiness, accomplish- 
ment, or security. The man who sets out to 
have a definite goal and who keeps at it will 
achieve it. Further, each graduate has a 
debt to society, a responsibility toward the 
community, society, and education. This 
responsibility cannot be shed because one is 
educated. He suggested reading what the 
late W. E. Wickenden, Everett S. Lee, and 


President T. G. LeClair have said about the . 


engineering profession. He quoted Theodore 
Roosevelt as saying that the first requirement 
of a good citizen of this republic was that he 
should be ready and willing to pull his own 
weight. 

The winners of the Student Prize Paper 
Awards were announced by R. E. Johnson, 
Chairman of the Judging Committee. He 
complimented the authors of both the under- 
graduate and graduate papers on the versa- 
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tility and competence of the presentations 
with topics so varied that the judges found it 
difficult to decide on the awards in some 
cases. Young engineers who write good re- 
ports are the ones who advance most rapidly. 
The winners of the undergraduate awards 
were as follow: 

First Prize. ‘‘Improving Servo System 
Response with a Nonlinear Amplifier’ by 
E. Meagher, University of Notre Dame. 

Second Prize. ‘“‘“A One-Cycle Radio Inter- 
ference Filter’ by R. W. Nelson, North 
Dakota Agricultural College. 

Third Prize. ‘Electronic Digital Com- 
puters” by B. W. Lillick, State University of 
Iowa. 

Honorable Mention: 

“Cathode Ray Oscilloscopes as Industrial 
Measuring Tools” by J. W. Wilder, Illinois 
Institute of Technology. ~ 

“The Transitor, a Crystal Rectifier” by 
A. L. McWhorter, University of Illinois, 

“The Vectograph” by R. Fleming and 
N. E. Quinn, University of Detroit. 

The winners of the Graduate Prizes were: 

First Prize. ‘Design and Construction of 
Infra-Red Detector for Locating Broken 
Strands in Overhead Transmission Lines” 
by M. W. Oleson, University of Wisconsin. 

Second Prize. ‘‘Electromechanical Ana- 
logue of a Synchronous Machine” by J. E. 
VanNess, Technological Institute, North- 
western University. 

Honorable Mention. ‘Linear Actuators” by 
G. T. Flesher, Illinois Institute of Technology. 

Prof. H. A, Peterson extended a cordial 
welcome on behalf of the University of Wis- 
consin to the students attending the banquet. 
For many, it was their first experience at- 
tending an AIEE meeting and he expressed 
hope that they would attend many more. 


STUDENT BUSINESS MEETINGS 


Student Branch Counselors Meeting. Follow- 
ing the banquet, a meeting of the District 
Committee on Student Activities, with H. S. 
Dixon as Chairman, took place until 10 p.m. 
and reconvened next morning at the Engi- 
neering College. 

The minutes of the last meeting were ap- 
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proved as mimeographed and distributed. 

A report of a special committee to study 
the rules under which the District Commit- 
tee on Student Activities is functioning was 
presented by the Chairman of the committee, 
E. T. B. Gross. The committee recom- 
mended continuation of the study. 

With regard to the rules governing the 
awards of undergraduate and graduate 
branch paper prizes, two problems were pre- 
sented. One was in the case of papers pre- 
pared when the student was an under- 
graduate but the contest is not held until 
after graduation. The other was in the case 
of the graduate prize where a man served as 
an instructor for several years and then came 
back as a graduate student. It was the feel- 
ing that papers which exceed 12 typewritten 
pages and six illustrations which do not meet 
the requirements must be disqualified. For 
undergraduate papers, 50 per cent for the 
written presentation and 50 per cent for the 
oral presentation was believed satisfactory. 
However, the view was expressed, in the case 
of the graduate papers, that greater weight 
might be given to the originality of the sub- 
ject and the written paper than the oral pres- 
entation. Professor Gross’ committee was 
asked to take these matters under advisement 
in its continuing study. 

In accordance with the rotational scheme, 
Prof. E. T. B. Gross was nominated as a 
Junior Member of the District Committee on 
Student Activities with Prof. E. A. Reid as 
Chairman for the coming year, and Prof. 
E. B. Kurtz as Senior Member. 

Consideration was given to the location of 
the next Student Branch Convention and 
invitations from the Dakotas, University of 
Illinois, and Michigan College of Mining 
and Technology were considered. While 
there never had been a Student Branch 
Convention in the Dakotas, nevertheless the 
feeling was that the location was a little too 
remote and the committee voted to recom- 
mend to the incoming committee that the 
next Student Branch Convention should be 
held at the Michigan College of Mining and 
Technology at Houghton. 

The committee voted to commend the 
Student Branch at the University of Detroit 
for the appropriate action taken following the 
death of the late Prof. H. O. Warner. 


Branch Chairmen and Counselors Meeting. 
The chairmen and representatives of the 
Student Branches in the District each pre- 
sented brief reports on their activities. The 
Iowa State College Branch reported an in- 
teresting project where a workshop had been 
established for the repair of donated radios 
which are given to orphanages and old 
peoples’ homes. Purdue University reported 
holding a first annual open house which 
proved highly successful. This branch has 
501 members, all of which are national. 
Dues of one dollar are collected just once 
and at the same time national membership 
is solicited. Rose Polytechnic Institute re- 
ported a high percentage of attendance at 
eight meetings which are strictly business 
and all of their members are national 
members. Michigan College of Mining and 


Technology reported giving an engineering - 


show which was well attended. A number 
of the branches reported on a variety of 
activities such as technical paper presenta- 
tion meetings, prominent speakers from in- 
dustry, industrial movies and shows such as 
“Motors on Parade,” the Westinghouse 
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show, “Adventures in Research,’ and 
“General Motors Features of Progress.” 
With the short supply of engineers, an ac- 
tivity of worthy interest seemed to be the 
holding of open house or engineering days 
where laboratory equipment and demon- 
strations were set up with a view toward 
interesting high-school students in engineer- 
ing. 

President LeClair stayed over to join the 
meeting because he felt that he did not get 
enough opportunity to keep in touch with 
student activities. These activities were im- 
portant because a very large percentage of 
the members and leaders of the Institute 
came from the student branches. He ad- 
vised that it was well worth while to take 
time to attend a student technical session 
and he expressed the wish that older engi- 
neers who have spent considerable time in the 
preparation of papers would attend a student 
technical session and see how well the papers 
are presented. 

President LeClair felt that the practice of 
inviting prominent speakers from industry to 
address the student meetings was a valuable 
one because the professors do not have the 
time to give the vast variety of detasls with 
which engineers from industry are familiar. 
He explained that the steady trend of interest 
in electronics in recent years because new 
things have been made more glamorous has 
given the power industry concern. He 
pointed out that within his own company 
there was much communication work, 200 
mobile units, carrier relaying, electronic 
apparatus, and electronic heating, as well as 
work on atomic fission. With respect to 
opportunities, he pointed out as an important 
factor that too many engineers were em- 
ployed in the 1920’s and too few in the 
30’s and 40’s. 

In conclusion, President LeClair expressed 
hope that many of the branches would have 
speakers from the power and electrical manu- 
facturing industries next year. In this way, 
a true picture from those in the various 
branches of power work and manufacturing 
could be obtained. 


General Discussion. A general exchange of 
views took place in regard to the operation 
of the branches. Purdue University Branch 
reported filling two offices with juniors so 
that when the executive committee, who are 
seniors, graduate, continuity of the work will 
be provided. The importance of getting the 
magazine was stressed when obtaining stu- 
dent enrollments. The Michigan College of 
Mining and Technology Branch reported 
that its incoming officers worked with the 
officers of the previous year and that attempts 
were made to get freshmen and sophomores 
as secretaries and treasurers. The Rose 
Polytechnic Institute Branch advised that it 
had no contact with students until they were 
juniors. The suggestion was made that a 
representative should contact the students in 
the physics classes or that the sophomore 
electrical engineering instructor should make 
it a point to stress the importance of the 
AIEE. 

When presenting papers, Mr. Nelson ex- 
pressed the view that if the time of presenta- 
tion is cut down, some important point might 
not be brought out, and that if a number of 
papers are presented the time cannot be 
stretched out. President LeClair empha- 
sized the importance of putting a point over 
simply and quickly and it was his opinion 
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-that the most difficult and complex ste 


_ enced operators. 


could be told in ten minutes and that it] 
better story than a 20-minute presenta 
From personal experience in connecti 
obtaining appropriations, he advised 
the story cannot be told in one page it is 
cult to obtain the money for an expendi 
The difficulty of getting a good attend 
at meetings in the large schools was str 
and the suggestion made that more atte 
should be made to co-ordinate the 
One counselor expressed the view the 
much emphasis was put on the writin 
reports, quizzes, and so forth, and 
enough time is placed on professional ax 
ties. It was believed important 
faculties should spend considerable tim 
several periods stressing the importance 
student meetings and their benefits, 
that they should attend themselves. 
representative of the Rose Polytechnic ] 
tute Branch advised that their meetings 
entirely informal and the faculty was 
always present. Another view brought 
was that the chairman of a local br 
should be a good salesman and sell the 
dents as well as the faculty on the idea 
was believed the initiative should come 
the students and that the faculty was 
per cent back of the AIEE. One of 
branch chairmen expressed the idea th 
the faculty cannot afford the time to at 
the meetings he did not see how the stud 
could afford the time. 
At the conclusion of the meeting, atten 
was Called to the pamphlet on student gj 
ance put out by the Engineering Council 
Professional Development. 


TECHNICAL SESSIONS 


Generating Stations Equipments Session. | 
papers were presented the afternoon of } 
17 with J. P. Madgett, Jr., presiding. 
first paper dealt with an engineering 
proach to control room lighting and it 
presented by V. L. Dzwonczyk of the An 
can Gas and Electric Service Corporat 
The author analyzed the lighting s 
problem from the point of view of provid 
the operators with the lighting system 1 
would enable them to perform their vi 
tasks efficiently, and he also considered 
best to use the many available new 1} 
sources that are economically reasonal 
Major considerations that enter the de 
of a satisfactory modern control room lighi 
system were set forth and a direct light 
system using commercially available trof 
in conjunction with a special, but not di 
cult to construct, ceiling design was des 

In the second paper, G. Schilstra descrik 
the control system of the new 60,000: 
Edgewater Generating Station of the ¥ 
consin Power and Light Company. 

The next two papers represented a revi 
of interest in using the induction machin 
a generator. The installation of an 1,800: 
4,160-volt induction generator in the \ 
Dam Plant of the Wisconsin Michig 
Power Company was described by H. 
Brown. This generator is driven by 
2,500-horsepower 225-rpm vertical 
propellor turbine. The unit has the ady 
tage of producing kilowatt hours at — 
lowest possible cost, and it requires no exci 
rheostats, governor, or costly synchroni 
equipment. It is ideal for automatic ope 
tion and permits use of relatively inexp 
Placed in service in 19 
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. 
),000 kilowatt-hours have been gener- 
without effect on other parts of the 
m. Phase-to-phase and phase-to-neu- 
ests indicated good sine-wave conditions, 
disturbances have been absorbed, and it 
atively free of harmonics. In response 
question, the author explained that 
ing out was accomplished from the 
ufacturers’ directions in respect to se- 
ice and direction of rotation and they 
a synchronous machine on the system 
it 20 miles away which could be isolated. 
1¢e fourth paper, entitled “Squirrel Cage 
iction Generator for Power Generation,” 
’. C. Tsao and N. F. Tsang, considered 
technical aspects of three general situa- 
| where the use of induction generators 
ut be feasible such as when driven by 
urbines, when used to support synchro- 
machines, and when operated in com- 
tion with capacitors to supply relatively 
>-scale power in any system. In response 
/ question in discussion which showed 
ern about the small air gap clearances, 
Robert Moore of the Allis-Chalmers 
wufacturing Company advised that the 
mer has had considerable experiences 
as are encountered in circulating water 
ps. 
he fifth paper, by John H. Schroeder of 
Commonwealth Edison Company, dealt 
| the control room at the Richland Sta- 
The dimensions and positioning of all 
1€ various benchboards and gaugeboards 
ell as the room lighting, gauge lighting, 
cable room below, and the intercom- 
ications system, were explained by the 
ior. In connection with units.3 and 4, 
question arose as to why the load divided 
f 40,000 kw in the high-pressure unit and 
000 kw in the low-pressure unit. Presi- 
t LeClair explained that it was more 
ient to run the steam through one turbine 
1 to take it back to the boiler. 


rvomechanisms Session. ‘Three conference 
ers and a technical paper devoted to 
theoretical. aspects of servomechanisms 
prised one of the opening technical 
ons on the afternoon of May 17th. N. 
Schmitz, University of Wisconsin, was 
chairman. : 
he first paper, ‘““Multiple Mode Opera- 
of Servomechanisms” was presented by 
ald McDonald, Cook Research Labora- 
ss. Normally only one mode of opera- 
of servomechanisms is considered in 
ysis for the sake of simplicity, but all 
os have at least two modes or equations 
notion. The controllers for continuous 
os are usually adjusted to yield optimum 
ormance in the standard or linear mode 
to give tolerable operation when the 
sm is in its additional modes. If a 
o has multiple modes of operation, its 
-all performance could be improved 
ie controller were designed to take the 
test advantage of the system’s charac- 
tics for each mode of operation. The 
mm of a controller was described which 
es use of the additional modes of opera- 
and which produces a servo which 
better response with less weight than 
e servos designed for only one mode of 
ation. 
conference paper, “Transient Response 
Two-Phase - Induction Motor 
omotor,” was presented by K. Fong, 
versity of Illinois, and a_ technical 
sr, “Transient Response of Small, T'wo- 
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Phase Induction Motors” was given by A. 
M. Hopkins, Northwestern University. Both 
of these authors presented an analysis of 
these important induction motors and 
derived the differential equations pertaining 
to the various characteristics. 

The final paper of the session was pre- 
sented by L. O. Brown, Jr., University of 
Illinois, and was titled “Transfer Function 
for a Two-Phase Induction Servo Motor.” 
An analysis was made of a 2-phase servo 
induction motor which results in a transfer 
function having two time constants. A 
method for determining the magnitudes of 
these time constants from a knowledge of 
the inertia and friction of the motor and the 
load in addition to the steady-state speed- 
torque characteristics was also given. 


Transmission and Distribution Session. E. J. 
Kallevang presided at the Friday morning 
session, where six papers were presented. 
The first paper, by F. W. Linder of the Dairy- 
land Power Co-operative, dealt with the 
design and construction of a 71-mile 138-kv 
transmission line from the Alma Steam 
Station to the Genoa Station along the east 
side of the Mississippi over rugged terrain. 
In this region, there are bluffs approximately 
500 feet above the river elevation which are 
cut up by coulees which range from 1,000 
feet to over one mile in width. H-frame type 
of construction was employed with two 
ground wires and a maximum structure foot- 
ing resistance of 20 ohms was maintained in 
so far as feasible. The second paper, by 
Howard K, Amchin and Eric T. B. Gross, 
analyzed and discussed the methods of ex- 
tending solutions to subsequent faults on 
power systems where a single-line to ground 
fault is not a short circuit. Among the 
methods considered were the sequence net- 
work connection method which is based 
entirely upon symmetrical components, the 
network connection method by Clarke com- 
ponents, the superposition principle applied 
to the network connection methods, the 
equivalent Y and modified equivalent Y 
methods. The presentation, with the aid of 
slides, was made by Mr. Amchin. 

The third paper presented dealt with sym- 
metrical components as applied to protective 
relaying and the author, W. K. Sonnemann, 
expressed hope that the presentation would 
contribute toward a better understanding of 
the usefulness of the symmetrical component 
concepts as a powerful tool in the solution of 
relay application and design problems. In 
discussion, Prof. Eric T. B. Gross raised a 
question concerning the terminology in the 
paper and the use of the word “filter” in 
place of which he suggested the term 
“network.” 

The fourth paper was by H. C. Brem of 
the Allis-Chalmers Manufacturing Company 
and dealt with the low-cost voltage regula- 
tion of rural distribution lines. The author 
dealt with the reasons for voltage regulation, 
how it is accomplished, and where it is 


applied, and he discussed the station type of. 


equipment as well as line-type equipment. 
With respect to the economics, Mr. Brem 
pointed out that the installation of a regu- 
lator avoids the need to change conductors, 
no substation is required, and there is no 
more installation cost than that for a trans- 
former. The attendant advantages are 
better service, improved public relations, 
and increased power consumption, and the 
regulator can earn its investment in a year. 
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The fifth paper was presented by L. W. 
Matsch of the Illinois Institute of Tech- 
nology. An analysis supported by experi- 
mental data of 3-phase dielectric power- 
factor measurements was made and the 
sources of error in the measured power 
factor were considered. The author showed 
that the true power factor can be obtained 
by taking the average of the values measured 
on any individual phase with voltages first 
of one phase sequence and then of the oppo- 
site phase sequence. 

The last paper, which was presented by 
title only, dealt with the effect of the dura- 
tion of voltage dip on cyclic light flicker. 
In discussion, R. E. Young of the Public 
Service Company of Northern Illinois ex- 
plained that the paper considered a type of 
voltage flicker which could not be handled 
by the induction type of regulator. He ex- 


_ plained that the problem was a continuing 


one which he wished to emphasize and he 
hoped that the paper would stimulate more 
work on the subject. 


Basic Sciences Session. ‘The session on basic 
sciences held the morning of May 18 was 
presided over by Walther Richter, Allis- 
Chalmers Manufacturing Company. The 
first paper, ““Dependence of Direct Sparkover 
Voltage of Gaps on Humidity and Time” 
was by P. B. Jacob, Jr., Mississippi State 
College, and G. M. L. Sommerman, North- 
western University, and was read by the 
latter. For air between smooth spherical 
electrodes, the direct spark-over voltage 
is practically independent of the humidity 
and critical withstand values are not much 
less than the short-time spark-over values. 
For air between standard square-edged rod 
electrodes, the direct spark-over voltage is 
erratic. If direct voltage is applied rapidly 
to the rod gap, the initial spark-over voltage 
increases with increasing humidity similar to 
60-cycle behavior. There is a marked 
decrease in spark-over voltage with time 
of voltage application and this seems to 
become greater with increasing humidity. 
In the design of electric equipment for opera- 
tion in air at high direct voltages, it may be 
important to use electrodes with no sharp 
edges. 

The second technical paper was presented 
by T. J. Higgins and D. K. Reitan, both of 
the University of Wisconsin, and was read 
by the latter; its title was “Calculation of 
the Capacitance of a Circular Annulus by 
the Method of Subareas.” This paper 
advances the theory of an approximate 
method for calculating, to any degree of 
accuracy, both the charge distribution and 
the capacitance of a plane area charged to 
a potential by a certain charge. This 
theory’s application is illustrated by cal- 
culating the charge distribution and capaci- 
tance of an annular area. Thus far, a 
solution for finding the potential has been 
found for only two plane areas: the elliptical 
disc and the circular disc; therefore, the 
equations for the charge distribution and 
capacitance are likewise only known for 
these two areas. A single curve, the ratio 
of the capacitance to the outer radius of the 
annulus plotted against the ratio of the outer 
to the inner radius, where the latter ratio 
ranges from unity to infinity, gives the 
capacitance of an annulus of any desired 
radii. 

“The Magnetic Cross Valve” was read by 
by H. J. McCreary, Automatic Electric 
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Company. This electromagnetic device, 
having two stationary coils with no mutual 
inductance to each other, transfers energy 
from one coil at one frequency to the other 
coil at a second frequency by means of a 
field of flux which follows a Lissajous locus 
or mode of motion. It was compared to a 
rotary electromagnetic device where the 
Lissajous figure, the circle, is used and to the 
transformer which has only one degree of 
freedom. The author demonstrated differ- 
ent cross valves as power converters, one 
being a power telephone ringer converting 
60-cycle to 20-cycle power. 

P. M. Kintner, University of Illinois, 
presented ‘Magnetic Amplifier Analysis 
Using Flux-Charge Theory.”’ In considering 
the charging of a capacitor, it is natural to 
visualize a charging current as charging the 
device to a certain value of voltage; this 
could be termed a voltage-charge of the 
capacitance. The action for a reactor could 
be described analogously as a charging 
voltage charging the reactor to a new value 
of flux or as producing a flux-charge of the 
device. Ifa point of reference is established 
on a magnetization curve, the particular 
state of magnetization of a reactor can be 
defined in terms of quantity of flux charge. 
The significant point is the saturation point 
of the magnetization curve and this is 
chosen as the reference point. The flux- 
charge concept is most applicable to the 
type of analysis where a_linear-region 
approximation of the magnetization curve 
is made, for the saturation points with this 
type of approximation become discontinui- 
ties and offer definite points of reference. 

The author illustrated the application of 
the flux-charge concept to magnetic ampli- 
fiers by analyzing the  series-connected 
amplifier and the discussion was limited 
to the case where the load and control circuit 
impedances are purely resistive. This was 
shown to be a useful method of describing 
the mechanism of operation of the device 
and gives a derivation of the input-output 
relationship and transient response of the 
series-connected amplifier. 

“Change of Units and Conversion For- 
mulas” was the title of the paper presented 
by V. P. Hessler, University of Illinois. 
In determining the conversion factors be- 
tween two absolute systems, actual com- 
parison of physical sizes of quantities need 
be made only between the fundamental 
quantities of the two systems. For example, 
in two unit systems in mechanics based on 
length, mass, and time, the conversions 
between the length units, the mass units, 
and the time units must be determined by 
direct comparison but all other conversions 
may be derived by algebraic manipulation 
of the defining or convenient relations. 
Following an explanation of his conversion 
formula, the author gave examples of 
conversion formulas for derived units and 
the conversion between rationalized and 
unrationalized quantities. He distributed 
a set of physical and electrical conversion 
formulas derived by his method. 

G. R. Town, Iowa State College, pre- 
sented “Electric and Magnetic Units and 
Dimensions in the EMU, ESU, and MKS 
Systems.” The advantage of the meter- 
kilogram-second system is apparent in that 
electrical quantities are measured in familiar 
units: volts, ohms, watts, and so forth, 
rather than in unfamiliar units which are 
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easily forgotten. Another advantage is 
that the permeability and permittivity of 
free space (uo and ¢) are not unity. In 
systems where these are unity, these quan- 
tities are often omitted from equations in 
which they should appear as multiplying 
factors. When such equations are applied 
to situations in which the permeability or 
permittivity is not unity, the results are in 
error. There is also the confusion in 
dimensions and units, ‘The author’s purpose 
was to show the fundamental principles 
upon which a conversion table can be based; 
in particular, the dimensions of wo and eo 
were discussed. 

“The Transient Response of Magnetic 
Amplifiers—Cases of Negligible Commuta- 
tion” by L. A. Finzi and D. P. Chandler, 
Carnegie Institute of Technology, and D. C. 
Beaumariage, Sperry Gyroscope Company, 
was presented by title only. 


Electrical Machinery Session. Five papers 
were presented Friday afternoon and a sixth 
was presented by title only. W. A. Lewis 
presided. In the first presentation, visiting 
Prof. Y. H. Ku of the Massachusetts Institute 
of Technology outlined the methods of tran- 
sient analysis of rotating machines and sta- 
tionary networks by means of rotating refer- 
ence frames. / 

The second paper, by C. H. Crouse of 
Robbins and Myers, Inc., dealt with a design 
method for polyphase reluctance synchro- 
nous motors. He explained by a method of 
synthesis how to choose a winding from con- 
stants; credit for the diagram was given to 
P. H. Trickey. The method presented repre- 
sented another step along the line of design- 
ing to meet the specifications. 

The third paper, by George V. Mueller of 
Purdue University, dealt with the effects of 
unbalanced loading in a core-type trans- 
former. : 

The fourth paper, with G. H. Fredrick of 
the Dynamic Corporation as author, dealt 
with the history, basic principles, speed 
torque characteristics, and cooling of eddy- 
current torque generation devices. The 
author concluded that this principle had been 
applied with outstanding success not only to 
adjustable speed drive units but to power 
absorption brakes and dynamometers. In 
the present emergency, there are thousands 
of eddy-current dynamometers and brakes 
being employed in testing engines, trans- 
missions, and other components of aircraft 
and ordnance material. 

The fifth paper on the self-starting com- 
pensated synchronous motor by K. L. 
Hansen, R. W. Greer, and C. M. Snapp of 
the Milwaukee School of Engineering, repre- 
sented a noble approach toward minimizing 
the reactive kilovolt-ampere losses on sys- 
tems. he authors explained that capacitors 
at best represent a makeshift solution and 
they do not provide for automatic neutrali- 
zation of the reactive component with the 
load. R. W. Greer, who made the presenta- 
tion, explained that the purpose of the in- 
vestigation was to try to combine the accen- 
tuated desirable starting characteristics of 
the induction motor with the excellent run- 
ning characteristics of the synchronous motor 
without introducing undue complications. 


Electrical Measurements Session. Four papers 
were presented at this session, presided over 
by R. E. Johnson. The first, “The Three- 
Phase Oscilloscope as an Harmonic Analyzer 
in Power Systems,” was by E. B. Kurtz, 
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State University of Iowa, and R. H. By 
hardt, Electronics Laboratory, San Di 
Calif. Among its many uses, the 3-pk 
oscilloscope can be used as a harme 
analyzer in polyphase power systems thro} 
its use of revolving flux fields in its polyph 
deflection system. The authors showed ] 
it is possible to determine the order 
harmonics if present, the harmonic’s maj 
tude, and the phase sequence of the } 
monic, that is, whether it is positive 
negative with respect to the fundame 
frequency. 

“Piezoelectric Crystals as Sensing 
ments of Pressure, Temperature, and _ 
midity” was presented by E. A. Rob 
and P. Goldsmith, Armour Research Foun 
tion, and read by the former. In 
measurement of atmospheric pressure 
different methods were discussed. TI 
are the effect of air pressure on the Q- 
low-loss piezoelectric crystal and the chaj 
in frequency of a thin quartz oscillating pi 
produced by differential air loading. 

An oscillating piezoelectric crystal 
a high temperature coefficient of frequel 
can be employed for temperature sensi 
This coefficient is a function of the ther 
coefficients of stiffness and expansi 
The magnitude of this coefficient of 
quency depends on the mode of vibrat 
and the orientation of the crystallograp 
axis. Of the synthetic crystals availal 
ethylene diamine tartrate (EDT) appe 
to be the most suitable for temperature set 
ing in view of its high physical and chemi 
stability under all atmospheric condition 

The method of measuring humidity wv 
a piezoelectric crystal involves the deposit 
of moisture on its vibrating surfaces and 
use of the resulting change in osci 
characteristics to maintain the crystal 
the dew-point temperature. The humid 
crystal, in addition to collecting moist 
and indicating its presence by a decrease 
vibrational amplitude, serves-as its a 
thermometer to indicate dew-point 
perature. 

E. A. Farber, University of Wisconi 
presented “Free Convection Heat Trani 
from Electrically Heated Wires.” 
author discussed the heat transfer by 
convection from electrically heated cop 
and iron wires to water between freezi 
and boiling, to water boiling at atmosphe 
condition, and to air at room temperatu 
The wire surface temperature was calcu 
from the theoretical temperature distribut 
in the wire. Experimental results show hi 
transfer rates of approximately 2,200,( 
Btu per hour per square foot near freezi 
and 450,000 Btu per hour per square f 
near boiling. As the temperature differer 
between the boiling water and the 
surface is increased, the heat-transfer coe 
cient first increases reaching a maxim 
then decreases reaching a minimum, incre 
ing again when the heat transfer by radiati 
becomes important. For copper a ma 
mum film coefficient of 9,100 Btu per he 
per square foot per degree Fahrenheit y 
observed at 49 degrees difference and 
minimum of 136 at 690 degrees differen 
Corresponding values for iron are 12,3) 
at 33 degrees difference and 142 at 
degrees difference. For heat transfer to 
the heat-transfer coefficients for copp 
with an oxide film varied from 0 to 30 a 
for iron with an oxide film from 0 to 
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per hour per square foot per degree 
renheit. 

he final paper of the session was “A 
aplex Wave Synthesizer” by G. Ferrara 
R. L. Nadeau, both of the University of 
roit. The electromechanical synthesizer 
1 its cathode-ray oscilloscope display was 
onstrated. After describing methods 
producing nonsinusoidal waves which 
= been tried in the past, the authors 
id that discs whose circumferences were 
so that their radii varied sinusoidally 
Id vary the output of a photoelectric 
in the same way. A series of ten such 
s (the first with three sine waves on its 
phery, the second with six, the third 
1 Mine, and so on to the tenth which had 
each with its source of light and photo- 
tric cell, provided a means by which 
ages could be combined so that their 


1 would represent a complex waveform. 


neans of individual controls the amplitude 
phase of each harmonic could be varied 


independently so that the waveform shown 
on the oscilloscope can be composed of any 
or all of the harmonics from the second up 
to the tenth of the fundamental. 


DISTRICT MEETING COMMITTEE 


Members of the District Meeting Com- 
mittee which made the arrangements were 
as follows: Carl C. Crane, Chairman; Harold 
A. Peterson, Vice-Chairman; W. T. Stephens, 
Secretary; J. R. Hafstrom, Treasurer; H. Cole, 
C. D. Malloch, I. B. Baccus, A. H. Lovell, 
C. E, Parks, D. D. Ewing, Eric T. B. Gross, 
J. F. Calbert, J. D. Ryder, M. S. Coover, 
H. S. Dixon, H. E. Hartig, J. F. H. Douglas, 
W. Richter, Members at Large; T. J. Higgins, 
Technical Program; L. A. Hesse, Inspection 
Trips; G. Ansel, Entertainment and Sports; 
F. D. Mackie, Transportation; R. E. Purucker, 
Publicity; G. C. Neff, Finance; E. J. Kallevang, 


Registration and Housing; Mrs. W. T. Ste- | 


phens, Ladies’ Activities; Dr. John Baird, 
Student Activities. 


ound Table Panel Featured at 
North Eastern District Meeting 


Ine of the features of a 3-day meeting of 
North Eastern District held in Syracuse, 
Y., May 2-4, was a round-table panel on 
topic, ““The Assignment and Develop- 
it of the Engineer as a Professional Man.” 
in this topic was an important part of an 
ress, ‘‘Engineering—lIts Future,” given 
he banquet on Thursday evening. The 
sram was comprised of six technical ses- 
is, two student sessions, inspection trips to 
rby industries, a stag smoker, banquet, 
special events for the ladies. Approx- 
tely 340 members and guests attended. 


SIGNMENT AND DEVELOPMENT OF THE 
ENGINEER AS A PROFESSIONAL MAN 
‘his important topic was presented by a 
el of five speakers all well qualified in the 
1 of engineering to express their ideas and 
tions which represented the: points of 
vy of the power industry, the New York 
fe Engineering Board of Examiners, elec- 
al manufacturing, and education. Fol- 
ing the presentations, the speakers 
wered questions from the floor. The pre- 
ng officer was P. F. O’Neill. 

the first speaker, J. L. Haley, Vice- 
sident, Niagara Mohawk Power Corpora- 
, analyzed the attributes of a professional 
1. Beginning with the dictionary defini- 
of a professional, he stated that the pos- 
ion of a diploma was merely proof that 
had met the prescribed courses and that 
cation too often ended there. Later a 
1 often discovers that he has not acquired 
oader education. He explained that the 
ase means just what it says on it. Sum- 
izing the requirements of a professional 
1, the speaker said that he should be an 
cated man in the broader sense, a good 
en, and active in the community. In 
clusion, he stated that the acquirement 
rofessional status in the eyes of the public 
not be bestowed and that it was some- 
g which must be earned. 

he second speaker, N. L. Freeman, Secre- 
- of the New York State Engineering 
rd of Examiners, gave an interesting 
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account of the number registered and the re- 
quirements in the fields of nursing, law, 
medicine, and engineering. It was esti- 
mated that there are some 350,000 engineers 
in the United States of which 180,000 to 
190,000 were registered. Of the several 
professions, from the time of entrance to the 
time of graduation the engineering schools 
had the highest mortality of 50 per cent, 
dental about 10 per cent, and medicine 5 per 
cent. ‘The medical profession is the only one 
which has a clear-cut policy with licensing 
examinations which are an open book with 
options. In New York State, there are 
about 1,000 engineers licensed per year. 
Sixty-five to seventy-five per cent of the engi- 
neers pass their examinations as compared 
with 50 per cent of the applicants in law and 
85 per cent in medicine. 

In conclusion, the speaker explained that 
each of the professions has a pet grievance. 
In nursing, it is that more people try to tell 
the nurses how to run their profession. In 
law, it is that the type of man and his charac- 
ter is not as good as before the war. In 
dentistry, the dentists are concerned about 
the administration of penicillin. In medi- 
cine, there is concern about the high pro- 
fessional training required which is expensive 
with too much science and too little art. 
The speaker hoped that the panel would re- 
sult in an increase in professional attitudes 
on the part of engineers. 


The five speakers 
at the round-table 
panel are shown 
with P. F. O’Neill, 
the presiding offi- 
cer. Left to right 
are: J. L. Haley, 
Mr. O'Neill, N. L. 
Freeman, L. A. 
Russ, K. B. Mc- 
Eachron, Jr., and 
Cc. L. Dawes 
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The third speaker, K. B. McEachron, Jr., 
manager of the Technical Education Divi- 
sion, General Electric Company, represented 
the point of view of the electrical manufac- 
turer. He explained that what industry 
looks for in the engineering graduate is the 
ability to get things done. Engineers have 
demonstrated that ability and for that reason 
R. H. Macy has hired engineers as buyers. 

With reference to the industrial training 
program, the speaker explained that some 20 
or 30 years ago men grew up with the indus- 
tries, but today young engineers must ac- 
quire that experience and become familiar 
with the organization in a year or so. After 
training, they become members of the design 
group, development group, and so forth. 
With reference to the term “technician,” the 
speaker preferred the term “engineers in 
training” for those pointed toward profes- 
sional engineering. ; 

In conclusion, the speaker felt particularly 
concerned about the tendency toward group- 
ing among young people today rather than 
remaining as individuals on an individual 
responsibility basis with associates at the 
same level. The problem presented a 
serious threat which needed to be given care- 
ful consideration and an older respected 
group, such as the Institute, could help in the 
matter. 

The fourth speaker, L. A. Russ, Director of 
Management Development of the Westing- 
house Electric Corporation, analyzed what 
an engineer should do to develop his ability 
and what industry could do to assist him. 
As individuals, engineers are interested in 
knowing how one progresses in an organiza- 
tion. From a management development 
point of view, companies should determine 
exactly what their requirements are and 
what each position demands of a man; an 
inventory should be taken of the personnel; 
an appraisal of performance would not be 
complete without an interview. Then the 
company should activate a program of 
guided development on what it has found out 
in the preceding steps. 

With respect to desirable attributes, is an 
employee interested in work or pay? Does 
he get along well with people? Does he co- 
operate with those above or below him and 
is he big enough to learn from his mistakes? 
Is he getting ready for a bigger job? In con- 
clusion, the speaker stated that education is a 
journey and not a stopping point. 

* The last speaker on the panel, Professor C. 
L. Dawes, represented the educational point 
of view and explained the contributions of 
engineering education to the development of 
the professional man. He said that engi- 
neering education has a great responsibility 
because it is the first contact with the profes- 
sion which the prospective engineer encoun- 
ters and first impressions frequently are last- 
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ing ones. Education is responsive to the 
rapid changes in industry during recent 
years. In the early days, a considerable pro- 
portion of the curriculum was devoted to 
shop work, mechanical drawing, rotating 
machinery, and engine parts with many 
specialized courses such as power plant design, 
storage batteries, electric railways, teleph- 
ony, and machine design. New develop- 
ments such as the automobile, airplane, 
servomechanisms, electronics developing into 
microwaves, radio, radar, and television re- 
quired more training in fundamentals: 
mathematics, physics, chemistry, symmetri- 
cal components, and so forth. At the same 
time, there came the impact for more cultural 
courses: writing, speaking, economics, and 
the social studies. 

The speaker expressed agreement with the 
general trend toward more emphasis on 
fundamentals with an increase in the cultural 
courses, leaving the specialized training to 
industry which it can do better than the 
schools. ‘The curriculum is still crowded 
and the rate of training cannot be profitably 
intensified. Although a course on profes- 
sional development might be desirable, the 
present crowded curriculum makes the addi- 
tion of such a course impracticable. 

Professor Dawes drew attention to the fact 
that students are surrounded by a professional 
atmosphere and a professional environment 
as members of the faculties take an active 
part in professional societies; also through 
the activities of the student branches, stu- 
dents participate in meetings, and read papers 
and the journals. Engineers are becoming 
more professionally minded. 

In respect to the use of the term “tech- 
nician” for the graduates of a 4-year engi- 
neering school, Professor Dawes did not 
agree. The duties of the technician are 
more or less skillful manipulations of a re- 
petitive type and they do not contemplate 
extending the boundaries of a science by con- 
ducting research and by applications of sci- 
entific principles at a high intellectual level. 
In conclusion, Professor Dawes said that 
engineering education always has been and 
still is most responsive to the requirements of 
the profession and, as the profession raises its 
standards, the engineering schools are pre- 
pared to adopt their curricula and methods 
to meet them. 

Responses to Questions. With regard to a 
question about the value of psychological 
testing, L. A. Russ explained that this was 
still in the experimental stage and that some 
runs on high executives have proved that 
they never would have been executives. 

In response to another question as to why 
the professional engineer’s license could not 
be granted with the engineering degree, Mr. 
Freeman explained that it was the feeling 
that the graduate did not have enough ex- 
perience and that there were great differences 
among those who passed the examinations. 

In response to the question as to whether 
the majority of engineers at Electronics Park 
were licensed, Mr. McEachron explained 
that many of the engineers there were young 
men and that licensing was not required by 
law. The Vice-President of Engineering in 
the General Electric Company has always 
urged that all men become licensed as soon as 
possible. 

With reference to the importance of em- 
ploying a licensed engineer, Mr. Haley 
stated that the possession of a license was a 
good indication of achievement. 
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In conclusion, the chairman of the meet- 
ing, P. F. O’Neill, stated that it would take 
time to acquaint the public with the accom- 
plishments of the engineer but he hoped that 
meetings of this kind were a step in the right 
direction. 


THE BANQUET 


The feature of the banquet on Thursday 
evening was an address by A. C. Monteith, 
Vice-President in Charge of Engineering, 
Westinghouse Electric Corporation. The 
speaker analyzed the present manpower 
situation in respect to the number of gradu- 
ates and the needs of industry, the present 
Senate bill $7 in regard to draft deferment, 
the program of the Engineering Manpower 
Commission of Engineers Joint Council 
(EJC), and the steps being taken by Engi- 
neers’ Council for Professional Development 
(ECPD) to help in the situation. 

The speaker drew attention to an article in 
Life which illustrated that there had been 
more progress in the last 50 years than in the 
last 5,000. Attention was drawn to the tre- 
mendous increases in speed from the time of 
the Pony Express to modern jet engines. In 
1900, there was 21/2 horsepower back of each 
worker whereas in 1950 this had been in- 
creased to 7!/. horsepower. ‘This is equiva- 
lent to 375 slaves back of each worker. In 
India and China they have less than 1/5 
horsepower per worker. These achieve- 
ments, as well as what will come out of 
atomic energy, will be accomplished by 
engineers. The next war will be a technical 
war. Mr. Monteith spoke of the decrease in 
the number of engineers to be graduated 
which will result in a deficiency of 40,000 by 
1954, and that is providing the draft does not 
interfere.. The deficiency must be made up 
with brain power and industrial production, 
which has been a point that the public does 
not understand; it is very important that 
Mrs. Jones understand that the engineer is 
just as important as the frontline man in 
modern struggle. 

With regard to the Senate bill $7, the 
speaker was sorry to see that universal mili- 
tary training was going to be postponed for 
the present. While approaching a system of 
universal military training, deferments would 
be essential and the plan to defer 75,000 men 
a year by examination was a step in the right 
direction although a deferment of 125,000 
would be much better. This deferment is 
absolutely essential in order to keep engi- 
neers graduating pending the change. Se- 
lective Service has deferred 5,257,000 men up 
to the present; the plan under discussion 
would defer less than 5 per cent. Mr. 
Monteith said there were a lot of forces 
opposed to good planning. It looked as 
though a committee would be formed in 
Washington to act in an advisory capacity 
and discuss with industry and the armed 
forces their requirements and advise the local 
draft boards on the matter of deferments. 
As about 25 per cent of the men in industry 
were in the Officers’ Reserve, this pointed up 
the need to have a really united organization 
to act on the matter. 

Mr. Monteith spoke of the work of the 
Engineering Manpower Commission of EJC 
which has developed a 3-pronged program to 
alert high schools and parents about the 
shortage of engineers, to alert industry, and 
to work with the government to place the 
facts in their hands prior to the preparation 
of manpower bills. EJC plans to hold a 
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manpower convocation in Pittsburgh ne 
fall to alert all the engineering societies 
that the facts with respect to engineeri 
manpower may be brought out. Speaki 
from an intimate knowledge as Chairman 
the Committee on Professional Traini 
ECPD, Mr. Monteith referred to their 
point program and the report “The Fi 
Five Years of Professional Developmen 
He concluded that the engineering professi 
must foster individualism rather than collé 
tive security and that everything must 
done for the young engineers so that th 
will have a professional pride and feelj 
which is an essential way to get good en 
neers and leaders in this country, and t 
survival of the country is dependent up 
having good technical people. 

President LeClair addressed the banq; 
and complimented J. D. Hershey, Gene 
Chairman, and members of the committee 
the arrangements. H. H. Graley, Chairm 
of the Syracuse Section, extended a cord 
welcome and thanked the members of f 
committee for the assistance rendered in 
nection with the meeting. G. M. Polla 
acted as toastmaster and introduced 
speakers. 


TECHNICAL SESSIONS 


In addition to the round-table panel ont 
development of the engineer as a profession 
man, six technical sessions were held. 1 
papers in a symposium on street lighti 
represented the points of view of a utility, 
wire manufacturer, and a fixture manufé 
turer. A session. on air conditioning pr 
vided a panel presentation and discussion 
the problems of power supply for packag 
air-conditioning equipment from the vie 
point of the utilities, the motor manufacture 
and the air-conditioning manufacturer. 

a session on power generation, informati 
was presented on the installations of t 
Niagara Mohawk Power Corporation 1 
cluding the design features, initial operati 
experience, and electrical features of t 
Dunkirk Steam Station as well as the four 
80,000-kw unit at the Oswego Steam Static 
Papers in another session on power genera 
tion dealt with such problems as the use 
preferred orientation stripped steel in turbi 
generator stators, the effect of unit size ¢ 
steam-electric generating station design, al 
system economics of extra-high-voltage trai 
mission. 


Computing Devices. In a session on Col 
puting devices, with F. J. Maginnis presi 
ing, four papers were presented. The fii 
paper, by I. B. Johnson of the General Ele 
tric Company, dealt with transient analyz 
applications to problems encountered on 
rural distribution system such as volta 
changes due to resistance welding load 
lightning-arrester performance simulation 
a rural distribution system, switching tran 
mission lines with regard to high-voltaj 
charging current, and magnification 
switching overvoltages in coupled oscillato 
circuits. The field data on an actual syste 
and the results obtained from the analyz 
were in close relationship. 4 

The second paper, presented by Char 
Wayne, described the OARAC, the Genet 
Electric Company’s Office of Air Resear 
Automatic Computer. This is a new de 
mal machine using the 2-star-421 code at 
it is not purely a binary machine. Althou 
relatively slow, the objective was to design 
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ral-purpose computer to solve any type 
roblem that may arise. There are five 
> operations and 17 built-in operations 
a magnetic drum memory device built 
at the 10,000-word storage capacity can 
very easily doubled. Advantages are 
of operation and ease of maintenance 
_ a reduction of tube compliments to 
00 tubes. 

. the third paper presented, E. G. Keller 
1e General Electric Company explained 
problem of guided missile calculation 
g the differential analyzer and the 
adant advantages. 

he last paper, presented by R. Haber- 
m of the General Electric Company, 
t with some of the industrial applications 
aternational Business Machines. Among 
applications mentioned were the problem 
abulation or classification, solution of 
iltaneous linear algebraic 
monic analysis, problems which are 
ed by a step-by-step procedure, and 
ellaneous cases which do not fit the fore- 
if such as the determination of critical 
ds of multishaft vibrations in turbine 
srators. 


lectronics and Communications. ‘The session 
lectronics and communications was held 
he Electronics Park auditorium with E. 
Kenefake presiding. 
1 a paper on “Local Wire Video Tele- 
ym Networks,” C. N. Nebel of the Bell 
~phone Laboratories, Inc., described the 
slopment of a new local video distribution 
sm which provides equalization and 
ification of signals transmitted over 
s between television studios, transmitters, 
<ial cables, and microwave networks (EE, 
"51, pp 130-5). 
_ “New Carrier-Current Frequency- 
t System for Use With Differential Pro- 
ion of Transformer Banks’ was de- 
aed -by R. W. Beckwith of the General 
stric Company. Crystal-controlled fre- 
ney shift techniques are used to provide 
speed (2-cycle) transfer tripping with 
rance against undesired tripping due to 
combination of power failure, compo- 
t failure, switching, or other influencing 
ors. Frequency modulation. was em- 
red for the transmission of control im- 
es. A degree of reliability has been pro- 
:d which is comparable to the use of a 
i-side circuit breaker. In discussion of 
system, I. D. Perry of the Public Service 
stric and Gas Company explained that on 
Kearney-Bergen Line, frequency modu- 
yn was selected and two channels are used 
2use a broadcast station was on the same 
uency and Fort Monmouth had advised 
they would use any frequency. ‘Trip- 
, was undesired when the blocking signal 
out and radiation of the continuous 
ier is at the same level as the number of 
phone lines throughout the country. 
". Kennedy reported that several other 
panies have had this same difficulty, and 
wire circuits do not seem to have the 
ibility required for carrier. 
he subject of “Remote Control by Tones” 
discussed by J. L. Hayden of the General 
tric Company. Various factors leading 
‘o the selection of a selective amplifier or 
iving device, and a tone generator which 
ists of a selective amplifier similar to the 
iving device, were described. The same 
vork and similar components are used in 
tone generator and the selective amplifier. 
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equations; | 


These two basic circuits formed the basis of a 
variety of selective signalling applications, 
selective dispatching, a selective calling sys- 
tem, a selective dispatching system, using a 
tone for the call-back, and a remote control 
system using the same circuits but applied so 
that they can control relays. . 

The last paper, which was presented by F. 
C. Krings of the General Electric Company, 
reviewed the “Factors in the Choice of 
Microwave or Carrier Channels for Power 
System Operation and Dispatching.” The 
large number of channels between two 
points free from man-made static makes 
microwave equipment attractive. It also 
can be directed into narrow beams, thereby 
reducing the possibility of interference be- 
tween other nearby microwave high-fre- 
quency channels, and the system is physically 
separated from the power transmission circuit. 
On the other hand, the author pointed out 


the disadvantages of putting a large number ~ 


of channels on one microwave link, repeater 
stations at frequent intervals with the attend- 
ant problems of power supply, and emer- 
gency power supply as well as maintenance. 
The advantages and disadvantages of carrier 
were also reviewed together with an analysis 
of the economic factors of the two systems. 


STUDENT BRANCH CHAIRMEN 
AND COUNSELORS LUNCHEON 

Following the luncheon a brief business 
meeting took place with H. F. Cooke presid- 
ing. Minutes of the last meeting held in 
Providence, R. I., were approved as dis- 
tributed. 

Ways in which to interest Students in 
Branch activities were considered, A study 
of the possibilities of a color film for this pur- 
pose was found to be too expensive. Other 
methods were suggested such as an illustrated 
brochure or pamphlet and a section each 
month in Electrical Engineering. In response 
to a question, the editor explained that in 
conversations with many Students and 
Counselors, preference had been expressed to 
have the Branch Activities reported together 
with the other news on Institute Activities 
rather than in a separate section. Also, with 
a circulation of over 50,000 copies, the pub- 
lication of a pamphlet might be less expensive 
than pages in the magazine. Attention was 
called to unillustrated folders available at 
headquarters on “‘Student Membership and 
Branch Activities.” 

The chairman reported that the District 
Executive Committee was anxious to get as 
large a student enrollment as possible, and in 
the case of joint Branches the question was 
raised as to whether pressure was applied to 


get the Students to enroll in the AIEE or the 
Institute of Radio Engineers. Professors 
Northrup and Tarboux explained that the 
important thing was to get the students to 
join a society. 

Nominations for the chairman of the Dis- 
trict Committee on Student Activities were 
placed in order and Prof. W. H. Erickson of 
Cornell University was appointed. Al- 
though Binghamton, where the next North 
Eastern District Meeting will be held, is 50 
miles away from Ithaca, it will be possible to 
arrange some interesting trips. 

With regard to questions about interpret- 
ing the rules for judging Branch paper 
prizes, Chairman Cooke suggested that Pro- 
fessors Tarboux and Erickson should investi- 
gate and clarify the interpretation of the 
rules and send the information to all 
Branches. 

Preceding the luncheon two sessions were 
held in which a total of 17 undergraduate and 
graduate papers were presented. The win- 
ners of the prize awards were announced in 
the June Electrical Engineering, page 551. 

A vote of thanks was extended to the host 
chairman for all he had done in connection 
with the meeting and other activities. 


LADIES’ PROGRAM 


The ladies were kept busy with the ban- 
quet, luncheons, a review of a recent New 
York play by Mary Aldrich Jones, a trip to 
the Onondaga Pottery Company’s plant, and 
bridge at the Bellevue Country Club. Shop- 
ping tours and visits to points of interest 
were arranged on request. 


INSPECTION TRIPS 


One of the features of the meeting was a 
trip to Electronics Park where a tour was 
made through the metal-backed picture tube 
plant and research work on color television 
was demonstrated. 

Another trip was arranged to the Engi- 
neering School of Syracuse University, which 
has moved to new quarters with complete 
laboratory equipment and facilities. 


COMMITTEE 


The chairmen of the 1951 North Eastern 
District Committee which made the arrange- 
ments were as follows: J. D. Hershey, 
General Chairman; J. H. McClennan, Finance; 
M. H. Pratt, Technical Program; George 
Pring, Publicity; H. F. Cooke, Student; Dave 
Williams, Hotels; C. E. H. Von Sothen, 
Registration; Paul O’Neill, Entertainment; 
L. M. Moore, Trips and Transportation; B. T. 
Cole, Social Hour; and Mrs. Paul O’Neill, 
Ladies’ Program. 


Regular Meeting of AIEE Board of 


Directors Held in Miami Beach 


_ The regular meeting of the Board of 


Directors of the American Institute of 
Electrical Engineers was held in the Mac- 
Fadden Deauville Hotel, Miami Beach, 
Fla., on April 12, 1951. 

The minutes of the meeting of the Board 
of Directors held on January 25, 1951, were 
approved. 

The following actions of the Executive 
Committee on membership applications, 
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upon recommendation of the Board of 
examiners, were reported and confirmed: 
As of February 23, 1951: 23 applicants 
elected and 2 applicants re-elected to grade 
of Member; 108 applicants elected and 5 
applicants re-elected to grade of Associate; 
243 Student members enrolled. As of 
March 22, 1951: 21 applicants transferred 
and 1 Fellow reinstated to grade of Fellow; 
38 applicants transferred and 21 applicants 
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elected to grade of Member; 101 applicants 
elected and 9 applicants re-elected to grade 
of Associate; 161 Student members enrolled. 

Recommendations adopted by the Board 
of Examiners at meetings on February 15 
and March 15, 1951, were reported and 
- approved. The following actions were 
taken upon recommendation of the Board 
of Examiners: 20 applicants were transferred 
to grade of Fellow; 41 applicants were 
transferred to grade of Member; 122 
applicants were elected to grade of Associate; 
3,119 Student members whose terms expire 
April 30, 1951, were elected to the grade of 
Associate; and 161 Student members were 
enrolled. 

The following Local Honorary Secretaries 
of the Institute were appointed: For Brazil: 
W. L. Simpson, Sao Paulo Tramway Light 
and Power Company, Sao Paulo, Brazil; 
For Japan: Stetfan Tanabe, Saito Industrial 
Company, Ltd., and Yokohama Foreign 
Trade Institute, Tokyo, Japan. 


FINANCES 


The Board approved expenditures re- 
ported by Chairman W. J. Barrett of the 
Finance Committee, as follows: February, 
$78,349.86; March, $69,947.92. 

A statement of income and expenditures 
thus far in this appropriation year, compared 
with the figures for the same period of last 
year, was presented and indicated that 
both income and expenses were closely in 
line with the situation of last year. 


The following resolution was adopted 
upon recommendation of the Finance 
Committee: “Resolved: That the names 


of members in arrears on May 1, 1951, for 
dues for the fiscal year which began May 1, 
1950, be removed from the active member- 
ship list, as required by the Institute By-laws, 
and that the time for payment of such dues 
be extended until further action by the 
Board of Directors.” 

Authorization was given for the usual 
joint conference on Student activities of 
Districts 8 and 9 to be held in Portland, 
Oreg., during the 1951 Pacific General 
Meeting, August 20-23. 


APPOINTMENTS 


The Board approved the appointment by 
the President of the following Committee 
of Tellers to count and report on the ballots 
cast in the election of Institute officers and 
the ballots on the proposed amendments to 
the Constitution: Delavan Halloran (Chair- 
man), J. L. Bialous, Warren H. Bliss, J. J. 
Duncan, Arthur Hauspurg, J. T. O’Connell, 
A. L. Swensk. 

Joseph W. Barker was nominated for re- 
election by the Board of Trustees of United 
Engineering Trustees, Inc., as a member of 
the Engineering Foundation Board, repre- 
senting the AIEE, for the 4-year term 
beginning in October 1951. 

Walter J. Barrett was appointed a repre- 
sentative of the Institute on the Board of 
Trustees of United Engineering Trustees, 
Inc., for the remainder of J. F. Fairman’s 
term expiring in October 1951, and for a 
4-year term beginning at that time. 

The President was authorized to appoint 
a representative of the Institute on the 
Hoover Medal Board of Award for the term 
of six years, to succeed Dr. Harold 8. Osborne 
at the expiration of his term in 1951. (T.G. 
LeClair was appointed.) Walter J. Barrett 
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was appointed alternate for J. G. Tarboux 
to attend the annual meeting of the Hoover 
Medal Board of Award on May 1, 1951, 

W. L. Everitt was appointed an AIEE 
representative on the Washington Award 
Commission for the term of two years 
beginning June 1, 1951. 

The Board approved a questionnaire to 
the membership prepared by the Publication 
Committee in connection with its study of 
the desirability of issuing five technical 
division publications, and made an ap- 
propriation for the printing and mailing 
of the questionnaire and the postage on 
copies returned by the members. 


STANDARDS COMMITTEE 

Approval was given to the acceptance by 
the Standards Committee of an invitation 
from the American Standards Association 
(ASA) to act as sponsor of the ASA Sectional 
Committee on Electric Equipment in Metal 
Mines, M24. 

The following appointments of AIEE 
representatives were reported by the Stand- 
ards Committee: 


Electrical Standards Committee, ASA: C. 
M. Gilt as alternate to succeed E. B. 
Paxton. 

ASA Drawings and Symbols Correlating 
Committee: H. P. Westman, repre- 
sentative. 

Sectional Committee M2 “Electric Equip- 
ment in Coal Mines”: J. Z. Linsenmeyer, 
alternate. 

Sectional Committee 732 “‘Graphical Sym- 
bols”: A. F. Pomeroy, chairman of 
reorganized sectional committee. 

Sectional Committee A73 “‘Identification of 
Piping Systems”: H. R. Harris, repre- 
sentative. 

Sectional Committee C67 ‘Electric and 
Magnetic Magnitudes and Units”: J. B. 
Russell, representative. 

Sectional Committee B30 “‘Cranes, Derricks 
and Hoists”: Samuel Rifkin, representa- 
tive. 


Report was made of the approval by the 
Standards Committee of the following 
Standards: 


Code for Protection Against Lightning, C5 

Proposed Revision of Table I of C50 ‘‘Rotat- 
ing Machinery” 

Master Test Code for Temperature Measure- 
ment, AIEE 557 

Preferred Standards for Large 3,600-Rpm 
3-Phase 60-Cycle Condensing Steam Tur- 
bine Generators, AIEE 607 and 602 
(revision) 

Recommended Specification for Speed 
Governing of Hydraulic Turbines, AIEE 
605 

Proposed Test Code for Aircraft Interrupting 
Devices, AIEE 807 

Application Guide for Grounding of Instru- 
ment Transformer Secondary Circuits and 
Cases, AIEE 52 


A proposal of the American Standards 
Association for the establishment of a 
“Standards Medal’? to be ‘“‘awarded an- 
nually to an individual who has made 
substantial contributions to the field of 
standardization or who has taken a definite 
leadership in the standardization movement”’ 
was referred to the Standards Committee 
with power. 

Upon recommendation of the Technical 
Advisory Committee, the Board authorized 


Institute Activities 


the merger of the Committee on Th 
peutics and the Joint Subcommittee 
Electrical Aids to Medicine to form a 
“Committee on Electrical Technique 
Medicine and Biology,”’ with the folloy 
scope of activity: ‘The treatment of 
matters in which the dominant factors 
electrical techniques that are used in med 
and biological research, diagnosis, and th 
peutics, The committee is concerned — 
ticularly with the intercommunicatio 
problems, and their solutions, bety 
electrical engineers on the one hand 
physicians and biologists on the ot 
In planning papers and programs to 
end, the committee will work jointly » 
the other interested AIEE committees 
may enlist the aid of consultants in the 
of biology and medicine.” 


APPOINTMENTS 


Secretary Henline was authorized 
attend the 15th Conference of the Cou 
of Engineering Society Secretaries to 
held in Rochester, N. Y., June 22-23, 16 

The President and the Secretary y 
authorized to attend the Conference 
Representatives of Engineering Societie 
Western Europe and the United State 
America to be held at The Hague, Holla 
September 17-21, 1951, and funds y 
appropriated to cover their expenses. 

The ,President was empowered to act 
an invitation from Millard Caldwell, ; 
ministrator, Federal Civil Defense 
ministration, to send five representative 
an important Civil Defense Conference 
be held in Washington, D. C., May 7 an 
President LeClair appointed E> W. De 
Jj. F. Fairman, A. H. Kehoe, Frank 
Crider (Chairman, Washington Secti¢ 
and John W. Gore (Chairman, Marylé 
Section). 

An invitation from the Benjamin Fran 
Committee of the National Society oj 
Sons of the American Revolution “to t 
a lead in 1952 in commemorating the fly 
in 1752 by Benjamin Franklin of the hist 
kite which had the key to electricity” 
referred to the Philadelphia Section. 

The President was authorized to appé 
an AIEE representative on the rece 
authorized Student Development Commit 
of the Engineers’ Council for Professio 
Development. This committee will “oper 
in the area between the Guidance Co 
mittee, covering the pre-college field, 2 
the Training Committee, which opera 
in the post-college field.” 

Upon invitation to meet in Cleveli 
during the Fall General Meeting, the Boz 
voted to hold its October meeting in Cle 
land on Thursday, October 25, 1951. 
date of the August Board meeting, | 
viously scheduled to be held in Portlai 
Oreg., during the Pacific General Meetii 
was set as Thursday, August 23, 1951. 

Other matters were discussed. 

Present at the meeting were: Presi 
T. G, LeClair; Past Presidents J. F. Fairn 
and Everett S. Lee; Vice-Presidents W. 
DuVall, A. H. Frampton, R. A. Hopki 
J. A. McDonald, J. R. North, C. S. Purn 
W. J. Seeley, J. G. Tarboux, C. G. Veine 
Directors W. J. Barrett, E. W. Davis, W. 
Everitt, C. W. Fick, N. B. Hinson, M. 
Hooven, F. O. McMillan, Elgin B. Rob 
son, Victor Siegfried; Secretary H. 
Henline. 
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irict 2 Branch Prize Paper 
ompetition Held at Villanova 


1¢ Middle Eastern District (Number 2) 
its District Branch Prize Paper Com- 
ion for 1951 at Villanova, Pa., on April 
8. Villanova College acted as host. 
en District 2 Branch Prize Paper 
lers participated in the competition. 
ard R. Stillwell, University of Pitts- 
th, won first prize for his paper “Re- 
ing Conductometers for Electrolytes,” 
iving a cash prize of $25.00 and a Cer- 
ate of Award. Second prize was 
rded to Henry A. Lee, Lafayette College, 
third prize to Fritz Friedlaender, 
1egie Institute of Technology. Vice- 
ident C. G. Veinott made the pres- 
tion. 
homas J. Burke of the Villanova College 
lent Branch headed the committee in 
ge of the contest meetings. He had the 
ye support of Prof. John B. Clothier, 
nselor, Charles F. Devenny, Chairman, 
other members of the Student Branch 
the faculty. 
egistration began at 10:00 a.m. Friday. 
informal inspection of the Naval Reserve 
cers Training Corps training facilities 
arranged for the early arrivals. The 
session began at 1:30 p.m. Contestants 
e introduced by Mr. Burke. Presenta- 
Ss were limited to 15 minutes with 4 
utes allowed for discussion. Seven 
ers were given in the first session. 
. dinner for the contestants, Counselors, 
ges, members of the Philadelphia Section, 
ty, and students was held at the Phila- 
hia Engineers’ Club. Guests included 
. F. X. N. McGuire, President of Villa- 
a College, Rev. Thomas A. Burke, Rev. 
mn A. Klekotka, and Dean J. Stanley 
rehouse, all of the college, while the 
ladelphia Section delegation was headed 
Chairman S. R. Warren. Certificates 
Award were presented to each Branch 
~¢@ Paper Contest winner by District 
retary Dynes. 
‘he eight remaining papers were given 
urday morning. Announcement of the 
ids was made by Prof. J. T. Jonas, 
fessor of English at Villanova, acting as 
irman of the Judging Committee. The 
ze Paper Judging Committee consisted of 
liam G. Amey, Henry V. Davis, and 
an H. Kidder, all of the Philadelphia 
tion, and Professor Jonas. : 
The Villanova College Branch had also 
vided a $2.50 prize for each session for 
best question asked in discussion. ‘The 
ges named J. J. Kleschick and James 
rt, both of Villanova, as the winners. 
ards were presented by Secretary Dynes. 
aturday afternoon all those attending 
meeting were invited to a baseball game 
ween the Quantico Marines and 
lanova. 
“he 15 Branch Prize Paper winners who 
k part in the competition were: 


t Prize: Howard R. Stillwell, University 
Pittsburgh, ‘“‘Recording Conductometers 
Electrolytes” 

nd Prize: Henry A. Lee, Lafayette Col- 
>, “Direct Method of Determining Sag 
| Tension in Short Wire Spans” 


vd Prize: Fritz Friedlaender, Carnegie 
titute of Technology, “From Symbolism 
Circuits” 
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Delegates, Counselors, and students are shown at Villanova College during the District 


2 Branch Prize Paper competition. 


Left to right in the front row are: Father Klekotka, 


W. G. Amey, C. G. Veinott, W. A. Dynes, A. H. Kidder, Prof. J. T. Jonas, H. V. Davis, 
and Dean J. S. Morehouse 


George R. Bechtel, University of Akron, . 


“Liquid Slip Regulator” 


Joseph C. Modie, Case Institute of Tech- 
nology, ““Ihe Theory and Application of the 
Kerr Cell” 


Richard J. Spady, Drexel Institute of 
Technology, “The Fundamental Principals 
of the Oil Circuit Breaker” 


Ray V. Jaracz, Fenn College, “Testing TV 
and FM Antennas’ 


W. A. Wooldridge, George Washington 
University, “Modern Oil-Filled High 
Voltage Bushings” 


Elmus J. Ball, Howard University, “‘Use of 
Turning Screws and Window Apertures as 
Impedance Watching Devices” 


William F. List, Johns Hopkins University, 
“Audio Frequency Voltage Supply for 
Dielectric Studies and Bridge Measurements” 


James Palz, Ohio Northern University, 
‘Electron Tube Failures in Industrial 
Applications” 


Richard Beedy, Ohio University,, ‘‘Fre- 
quency Measurement—A Review of the 
Common Methods of Measuring Frequency 
and of the New Sliding Harmonic Type of 
Measurement” 


J. F. Swingle, University of Pennsylvania, 
**A Constant Current Source for Nuclear 
Particle Accelerators and Charged Particle 
Mass Spectrographs” 

John M. Tomlinson, Pennsylvania State 
College, “The Design of a Computer 
Utilizing Symbolic Logic” 

Thomas W. Morling, Villanova College, 
“The Responsibility of the Engineer in the 
Community’ 


Chicago Section Holds Student 
Branch Prize Paper Competition 


A prize paper contest for Chicago area 


student members of AIEE, sponsored by the | 


Chicago Section, was held on April 24 and 
25. Separate contests were held for the 
graduate and undergraduate students at 
both Northwestern Technological Institute 
and Illinois Institute of Technology. 

The prizes in all contests were $15 for 
first, $10 for second, and $5 for third, plus 
an AIEE certificate. At Illinois, there 
were three undergraduate contestants and 
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nine graduate. At Northwestern there were 
three each. The papers were presented 
orally. The prizes were distributed at the 
section general meeting Thursday, April 26. 

The twelve winning contestants were 
invited to the pre-meeting dinner to meet 
Mr. H. N. Muller, the speaker of the 
evening. 

The list of prize winners follows: 


Illinois Institute of Technology 


Undergraduate 


First Prize: John Wilder, “Cathode Ray 
Oscilloscopes as an Industrial Measuring 
Tool’’ 

Second Prize: 
Heating Coils’’ 

Third Prize: H. J. 
Capacity Amplifiers” 

Graduate 

First Prize: G. T. Flesher, “Linear Ac- 
celerators”’ 

Second Prize: A. J. Wood, “Overvoltages 
in High Voltage Current Transformers” 

Third Prize: L. J. Stratton, “Grounding 
Mats for High Voltage Stations” 


Northwestern Technological Institute 


R. C. Kuhn, “Induction 


Hummel, “Negative 


Undergraduate 


First Prize: George Mack, “Stability of 
Non-Linear Systems’’ 

Second Prize: G. Douglas Moeller, “Car- 
rier Telephone Systems”’ 

Third Prize: Ward Montgomery, “Ama- 
teur Radio in Civilian Defense” 


Graduate 


First Prize: James Van Ness, An “Analogue 
of a Synchronous Machine for Use with a 
Network Analyzer in Transient Stability 
Studies” 

Second Prize: Richard Andeen, “The 
Simulation of a Large Capacitor by a Shunt 
D-C Motor” 

Third Prize: Joseph Naines, A “Non- 
Linear Differential Difference Equation” 


The judges were: At Northwestern, J. L. 
Wysong, Public Service Company of North- 
ern Illinois; M. V. Maxwell, Westinghouse 
Electric Company; and E. G. Norell, 
Sargeant and Lundy. At Illinois Tech, 
CG. CG. Cole, Western Electric Company; 
S. C. Killian, Delta Star Electric Company; 
and D. K. Chinlund, Illinois Bell Telephone 
Company. 
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Talent Search for Authors Held 


A talent search for authors instead of a prize paper contest was held this year by the 
Sharon, Pa., Section, and the papers were presented at the Annual Prize Papers Meeting 
on May 16. Copies of all papers were made available to members in advance of the 
meeting, and all authors were invited to the Author’s Dinner preceding the Section 
Meeting. The direct expense for duplicating and distributing papers and entertaining 
the authors was less than the total prize money previously awarded. More than one 
member in 20 became an author, and over twice the previous average number of 
papers were submitted. Three papers, selected by member ballot, were presented 
at the meeting, but all papers were presented by title and were open for discussion by 


the members. 


All those in the photograph are authors except H. B. West, Chairman of 


the Entertainment Committee; John H. Chiles, Jr., Dinner Sponsor; and A. J. Maslin, 


Chairman of the AIEE Sharon Section. 


Seated, left to right, are: H. L. Cole, H. B. 
West, L. B. Rademacher, W. L. McKeithan, A. J. Maslin, and E. C. Wentz. 


Standing, 


left to right, are: L. E. Sauer, G. Stein, John H. Chiles, Jr., R. L. Bean, A. G. Feeley, 
T. G. Gerwing, H. L. Prescott, Albert Lucic, R. M. Ray, and F. B. Colby 


1951 Fall General Meeting 
to Be Held in Cleveland 


This year the AIEE Fall General Meeting 
will be held in Cleveland at the Hotel 
Cleveland, October 22 through 26. 

Located in a highly diversified industrial 
area, Cleveland offers attractions to the 
many segments of interest among the 
Institute membership. Industrial produc- 
tion of the area includes the manufacture of 
steel, heavy machinery, mechanical parts, 
electric machinery, electronic and control 
equipment, transportation equipment, rub- 
ber, chemicals, petroleum products, and 
many others. It is also the center for a 
wide variety of research and educational 
facilities, including Western Reserve Uni- 
versity, Case Institute of Technology, 
National Advisory Council for Aeronautics 
Lewis Flight Propulsion Laboratory, -John 
Carroll University, Baldwin-Wallace College, 
and a number of private and industrial 
research organizations. 

Among the inspection trips available to 
AIEE members and guests will be visits to 
the Republic Steel Company’s 98-inch strip 
mill, Lincoln Electric’s radically new plant, 
the Goodyear Rubber Company at Akron, 
General Electric’s Nela Park, and others. 
Many of the principles and equipment dis- 
cussed at the technical sessions may be 
observed in actual operation at the inspec- 
tion trip sites. 

For the lady guests at the meeting, a full 
and varied program has been arranged. 
Some of the activities will be a fashion 
show, a trip to the Cleveland Museum of 
Art, a trip to the country and an antique 
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display, luncheons, parties, and teas. Extra 
hostesses will help make the lady guests’ 
visit interesting and comfortable. 
Entertainment features for the Fall General 
Meeting have been carefully selected and 


The Terminal Tower is shown with the 
Hotel Cleveland, headquarters of the 
Fall General Meeting, at the right 


. planned for wide appeal to the Institute 


members and guests. A smoker, a dinner 
dance, and a theater party at Cleveland’s 
unique Playhouse Arena Theater are among 
the attractions that will climax the various 
days’ activities of a pleasant and worth- 
while week in Cleveland. 


Institute Activities 


West Virginia Branch Dinner 
Honors Graduating Seniors 


The West Virginia University studi 
chapter of the AIEE gave a spaghi 
dinner on May 9 in honor of the graduati 
seniors. Prof. E. L. Keener acted as toa 
master for the dinner. 

Joseph V. Tassone, president of | 
General Engineering Society of the U 
versity, presented a speech on the resp 
bilities of engineers to fields other tl 
engineering. Prof. E. C. Dubbe announe 
that James M. Buchanan had been cho 
to receive the annual AIEE award to t 
member who is outstanding in work dc 
for the organization during the past ye 
Mr. Buchanan, a graduating senior 
electrical engineering, has been preside 
of the local chapter during the 1950-19 
school year. Not only has he been acti 
in all AIEE functions, but also in Tau Be 
Pi and Eta Kappa Nu, of which he 
member. He is largely responsible for t 
new, improved constitution adopted by 1 
local organization this spring. 

Mr. Buchanan gave a short farewell spee 
as the retiring president and Robert 
Johnston, the new president, gave 
acceptance speech for his new office. T 
other new officers, who were presented 
the dinner, are: Eugene W. Conley, Vik 
President; Robert B. Hunsaker, Treasure 
James E. Harris, Secretary, AIEE; and_ 
L. Riggs, Secretary, Institute of Ra 
Engineers. 

Attending the dinner were: Prof. C. 
Seibert, Prof. M. M. Peterson, Prof. E. 
Keener, Prof. E. C. Dubbe, Warren 
Moore, James M. Buchanan, Robert 
Johnston, D. N. Horner, B. K. Fuller, R. 
Richards, Roscoe W. Ward, John W. B: 
Charles M. Minke, Harold E. Kna 
Robert B. Hunsaker, James E. Hart 
Dayton L. Jackson, Michael Malich, J. 
Stillwell, Paul C. Cooper, Otis J. Graha 
Eugene W. Conley, and William E. Brow 


Additional Names Announced 
to List of Members for Life 


Membership for life is granted by t 
AIEE to members who either have pz 
annual dues for 35 years, or have reach 
the age of 70 and paid dues for 30 yez 
A list of those who have become Members! 
Life during the preceding year is publish 
annually in Electrical Engineering. nstitu 
members enrolled as Members for Life as 
May 1, 1951, are 


Albrecht, H. C. Johnston, R. A. 


Baily, P. ae M. L. 
Baker, a S. allevang, B. J. 
Baker, P. W. Kinard, C. A 
Bartlett, L. King, C. F., Jr. 
Belt, J. H. Klumb, H. J. 
Bergstrom, C. O. Koberg-Bolandi, M. 
Bills, F. B Koiner, J. S 
Blackmore, C, T. Kun, E. 

Bliem, H. M. Lamar, R. W. 
Board, V. L. Lopez, E. F. 
Boegehold, E. S. Luft, O71 
Bradley, H. L. Manbeck, P. D 
Branson, E. H. Marion, J. F. 
Bretch, E. Markle, E. W. 
Broadbent, W. W. McAlpine, D. D 
Buchanan, W. B. Metcalfe, V. E. 
Bunch, C. H. ie, W. 
Burgi, H., Jr. Murphy, W. 
Burgner, H. T. Murray, J. B. 
Burr, H. B. Neff, ref (ah 
Busby, J. H. Ober, D. C, 
Calman, C. G. Obermaier, rf A. 
Camp, W. E. Ocehrig, H. B. 
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y, A. M. Oliver, J. M. 
on, J. H. Pale Ss. G. 
Rd. Parkinson, R. W. 
ent, M. F. Perry, T. 
er, A. B. Phelps, H. S. 
F. i e Tiere) H. J. 

en, impton, C. G. 
nd. 1, Prate H. 
o, J. P. ; Ramey, B. B. 
ww, L. HH. Ready, W. A. 
BO), Reeve, CG. T. 
on, T. E Rich, A. R. 
nty, B. F. Richmond, A. L. 
nson, N.S Rickard, E. B. 
‘d, E. W Rost, H. F. 
Seals Ruttiman, A. 
ky, F. Sebast, F. M. 
rds, G. D, Segel, H. 
an, J. D. Shanklin, G. B. 
ischied, L, Shuler, W., Jr. 
s, P. H. Sibley, E. D. 
y, W. S., Jr. Simonson, G. M. 
on, P. R. Small, W. G. 
sr, W. D. Snyder, C. C, 
clin, R. E. Sparling, E. C. 
J .O. Spencer, C, G. 

. M. Spengler, W. D. 
3, C. D. Sprague, R. V. 
rd, W.S Spray, L. W. 
ho, A. P. Stewart, C. R. 
on, H. E. Stiner, H. W. 
d, L. B. Stoddard, A. D. 
son, A. C, Stottler, M. W. 
er, F. W. Tappan, F. G. 
es, F. A Trompen, N. J. 
EG. Umansky, L. A. 
y, H.S Van Steenburgh, W. R. 
H. 8S. Vinet, E. ‘ 
,R. H, Walton, E. R. 
ley, R. V. L Waterman, C. C. 
mann, R. R Waters, W. A 
t, E. S. Weeks, J. R., Jr 
E. E. Weiser, R. G 
res, E. L, Wheatlake, B. C. J 
ye 1. Williams, A 
er, T. M. Wilson, J. M 
C. E. Witzel, E. R 
G. W. Wolf, K. 
ous, R. F, Wood, H. B 

Yoder, C, P. 


)1-52 Fortescue Fellowship 
\warded to C. J. Baldwin, Jr. 


he Charles LeGeyt Fortescue Fellowship 
amittee of the Institute has awarded a 
wship for graduate study in electrical 
ineering toe Clarence J. Baldwin, Jr., 
) is expected to receive the degree of 
helor of Science in Electrical Engineering 
he University of Texas in June 1951. 
will engage in graduate study at that 
tution during the year 1951-52. 

fr. Baldwin is a member of Eta Kappa 
and Tau Beta Pi, and is Cadet Colonel 
ymanding the Reserve Officers Training 
ps unit at the University of Texas. He 
past Vice-President and past Treasurer 
the Eta Kappa Nu chapter, and has 
aged in numerous other student activities. 
he fellowship was established through a 
t fund set up by the Westinghouse 
stric Corporation in recognition of Mr. 
fescue’s valuable contributions to the 
tric power industry, and is awarded by 
mamittee of the AIEE. 


RE Receives Certificate of 
Jo-operation from ECA 


. Certificate of Co-operation was pre- 
ed recently to the AIEE by the Economic 
operation Administration (ECA) for 
aid given by the Institute in the Marshall 
1 Technical Assistance Program. The 
ificate was given in recognition of the 
1E’s assistance and co-operation in 
ing its technical knowledge with visiting 
ign groups, which knowledge has con- 
uted directly to the economic recovery of 
stern Europe and its defense potential 
the future. 
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Special Session of Los Angeles 
Section Honors Dr. Sorenson 


A special meeting for Dr. Royal W. 
Sorensen, Professor of Electrical Engineering, 
Emeritus, California Institute of Technology, 
and a past President of AIEE, was held for 
the presentation of a certificate of honorary 
membership in the Institute of Electrical 
Engineers of Japan (IEEJ). The meeting 
was arranged and brought to order by Mr. 
E. K. Sadler, Vice-Chairman. After a 
dinner in the Athenaeum, Mr. T. W. 
Blakeslee, District 8 Secretary, acted as 
master of ceremonies and introduced the 
guests from Japan. 

The certificate was presented to Doctor 
Sorensen by Dr. Matsujiro Oyama, Dean of 
the Faculty of Engineering at Tokyo Uni- 
versity and past President of the IEEJ. 


Doctor Sorensen, who was recommended for - 


the honor by AIEE, is one of two living 
honorary members of the organization. 
Doctor Sorensen, in thanking Doctor 
Oyama for the certificate, spoke of his ex- 
periences during his trip to Japan. 

Mr. Clarence Winder, member of the 
City of Pasadena Board of Directors, pre- 
sented Doctor Oyama with a key to the 
city of Pasadena. 


COMMITTEE 
ACTIVITIES 


Editor's Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Communication Division 


on Television and Aural 
Broadcasting Systems (J. 8B. Coleman, 
Chairman; I. J. Kaar, Vice-Chairman; W. L. 
Lawrence, Secretary). The committee has 
continued active work arranging for technical 
papers in the field of broadcasting. Work 
is in progress for a session on broadcasting 
at the Fall General Meeting, and four 
interesting papers are in prospect. No 
work on standardization is contemplated at 
this time. 


Committee 


General Applications Division 


Committee on Land Transportation (H. 
F. Brown, Chairman; L. W. Birch, Vice- 
Chairman; R. L, Kimball, Secretary). This 
committee has been very active during the 
year in keeping the Institute informed of 


the progress and new developments in Land. 


Transportation. During a committee meet- 
ing held in Philadelphia, the members had 
the opportunity of inspecting the “Ignitron- 
rectifier’? car with d-c motors in use on the 
Pennsylvania Railroad a-c electrification, 
and the electric Train Performance Cal- 
culator which had recently been placed in 
service on that railroad. New a-c multiple- 
unit car equipment recently acquired by the 
Reading Railroad also was inspected. 


Institute Activities 


Power Division 


Committee on Substations (R. C. Ericson, 
Chairman; K. L. Wheeler, Vice-Chairman; 
NV. G. Larson, Secretary). This committee is 
forming a new subcommittee, to become 
effective at the beginning of the next ad- 
ministrative year, dealing with mechanical 
rectifiers. It would deal initially with 
standards for nomenclature, circuitry, equip- 
ment, and technical papers. 

Possible new projects for study are: 
1. Noise Level of Transformers; 2. Eco- 
nomic Selection of Transformers; 3. Ap- 
plication of Supervisory Equipment and 
Reclosing Relays; 4. Plants versus Pasted 


- Plate Storage Batteries for Station Use; 


Comparison of Selenium Copper Oxide, 
Electronic, and Motor Generator Sets for 
Charging Storage Batteries; 5. Recom- 
mended Minimum Clearances; 6. Use of 
Small Reactors; 7. Possible Project— 
High-Voltage Fuse Design and Charac- 
teristics for All Types of Bus Faults, Outdoor 
Substations; and 8. Working Group on 
1-Line Diagrams. 


Committee on Transmission and Dis- 
tribution (J. W. Gross, Chairman; S. B. 
Crary, Vice-Chairman; R. E. Pierce, Secretary). 
The committee held a meeting during the 
Winter General Meeting. The subcom- 
mittees have been quite active and reported 
as follows: 


Lightning and Insulator Subcommittee (J. 
T. Lusignan, Chairman). The subcom- 
mittee met during the Winter General Meet- 
ing and reported that the sale of the Light- 
ning Reference Bibliography (S-37), which 
was prepared by the subcommittee in 1950, 
has been quite low. Copies are available 
at AIEE Headquarters at 70¢ (35¢ to AIEE 
members). The subcommittee also dis- 
cussed the subject of operating records of 
expulsion tubes on transmission lines (22- 
69 kv). 


Capacitor Subcommittee (F. V. Smith, 
Chairman). A group in this subcommittee 
is giving consideration to the voltages that 
capacitors can withstand from short times to 
long times. A bibliography on capacitors 
has been submitted to this subcommittee. 


Distribution Subcommittee (T. J. Brosnan, 
Chairman). The subcommittee has been 
working jointly with the Relay Committee, 
and also with the Edison Electric Institute 
Transmission and Distribution Committee 
on co-ordination of protection and con- 
struction of distribution circuits. 


General Systems Subcommittee (R. L. Witzke, 
Chairman). This subcommittee has been 
working on two projects: 1. Recovery 
voltage characteristics of distribution cir- 
cuits. A report is being prepared to give 
the basis for determining recovery voltage 
characteristics, if circuit constants are 
known. 2. Outage records of transmission 
circuits. A survey is being made of line 
outages 100 kv and above. Data have 
been received from over 60 operating 
companies and have been coded and put on 
International Business Machine cards. The 
data cover 34,000 miles of line, 237,000 
mile-years of experience, and 22,000 outages. 
Further consideration is being given to the 
matter of obtaining statistical data before a 
decision is reached on the question. 
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Towers, Poles and Conductors Subcommittee 
(A. E. Davison, Chairman). This sub- 
committee held a meeting on January 24. 
Some of the topics being considered by the 
subcommittee are: limiting overload a-c 
-currents for electric conductors; insulated 
aluminum conductors using neoprene and 
other coatings; multiple conductors, wood 
versus steel supports, and so forth. 

The Committee on Transmission and 
Distribution will meet during the Summer 
General Meeting. 


Science and Electronics Division 


Committee on Electronics (W. G. Dow, 
Chairman; J. T. Thwaites, Vice-Chairman 
(East); A. M. Zarem, Vice-Chairman (West); 
E. M. Boone, Secretary). The committee 
has decided that it is not desirable to split 
the committee and separate the electron 


tube subcommittee activity because of the 
very great profit that accrues both to the 
electron tube group and the circuit activities 
represented in the committee by their mutual 
association and contact. It seems apparent 
that the committee represents not only 
activities in special fields requiring specialized 
talent but also serves as a valuable forum 
for the exchange of opinions and judgments 
as to the proper future program of elec- 
tronics’ activities within AIEE. 

The committee is continuing to support 
specialized conferences in specific areas 
and plans the following conferences: Con- 
ference on Electron Tubes for Power Con- 
version in Industrial Control Equipment 
(location not yet decided); Annual Elec- 
tron Devices Conference, held in June 1951 
at the University of New Hampshire; 
Conference on Electronic Instrumentation 
in Nucleonics and Medicine in December 
1951. 


AIEE PERSONALITIES..... 


L. N. McClellan (A’14, F °38, Member for 
Life), chief engineer, United States Bureau 
of Reclamation, Denver, Colo., was the 
recipient recently of the Gold Medal Award, 
the highest honor that can be bestowed by 
the Colorado Engineering Council. The 
Gold Medal Award, which has been made 
only four times previously in 25 years, is 
given for ‘‘Distinguished Engineering Serv- 
ices.’ Mr. McClellan was graduated 
from the University of Southern California 
in 1911 with a bachelor of science degree 
in electrical engineering and received the 
honorary degree of doctor of engineering 
from the University of Colorado in 1949. 
Following graduation he began his service 


L. N. McClellan 


with the Bureau of Reclamation and suc- 
cessively held the positions of chief electrical 
engineer, assistant chief engineer, and in 
1948 he was appointed chief engineer of 
the Bureau of Reclamation and director of 
design and construction. Under his direc- 
tion many of the great power facilities of 
the Bureau were conceived and designed. 


Mr. McClellan is the author of many tech- ~ 


nical articles on power developments and 
other phases of reclamation projects which 
have appeared in various technical journals. 
He is a member of Tau Beta Pi and Sigma 
Xi and is a member of the National Engi- 
neers Committee of the Engineers Joint 
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Council. Mr. McClellan has actively served 
the Institute as Vice-President, District 6 
(1937-39), and on the following com- 
mittees: Power ‘Transmission and Dis- 
tribution (1933-36); Automatic Stations 
(1937-39); and Applications to Mining 
Work (1937-38). 


M. J. Kelly (M26, F °31), Executive Vice- 
President, Bell Telephone Laboratories, 
Inc., New York, N. Y., has been elected 
President of the organization. Born in 
Princeton, Mo., in 1894, he was graduated 
from the Missouri School of Mines and 
Metallurgy in 1914 and received his master’s 
degree from the University of Kentucky 
in 1915. He received his doctorate from 
the University of Chicago in 1918 and then 
joined the engineering staff of the Western 


M. J. Kelly 


Electric Company which was subsequently 
incorporated as Bell Telephone Labora- 
tories. Doctor Kelly served as director of 
vacuum-tube development from 1928 to 
1934 and as development director of trans- 
mission instruments and electronics until 


1936, when he was appointed director of 


research. In 1944 he became Executive 
Vice-President. During World War II 
Doctor Kelly directed many of the war 


Institute Activities 


activities at the Laboratories, and for 
past year he has served the Depart ; 
the Air Force in an advisory capa 
assist in the organization of research 
development in that department. Doe 
Kelly is an active member of the Instit 
having served on the following AIEE 
mittees : Communications (19 
Standards (1934-39, 1941-43); 
Sciences (1937-46); Lamme Medal (1 
43); Research (1940-45, 1947-51, Cha 
man 1949-51); Award of Institute | 
(1949-51); Technical Program (1949-50 


E. A. Walker (A °34, F 47), director of 
Ordnance Research Laboratory and f 
fessor and Head of the Departme at 
Electrical Engineering, Pennsylvania St 
College, State College, Pa., has been 
pointed Dean of the School of Engineer 
at Pennsylvania State College. Doe 
Walker was born in Long Eaton, Engle 
on April 29, 1910, and received his b 
master, and doctor of science degrees 
Harvard University. From 1934 to 1 
he taught mathematics and electrical et 
neering at Tufts College, at the same ti 
conducting research for the Doble & 
neering Company, Medford Hillside, 
In 1940 he joined the faculty of the U 
versity of Connecticut where he remaii 
until 1942. From 1942 to 1945 Doc 
Walker served as research director of 
Harvard Underwater Sound Laborate 
Cambridge, Mass., where he was in cha 
of the development of ordnance weap 
In 1945 the Ordnance Research Laborat 
was established at Pennsylvania State Coll 


E. A. Walker 


with Doctor Walker as its director, and 
the same time he held the position of p 
fessor and Head of the Department 
Electrical Engineering. He is also a me 
ber of the American Physical Society, t 
Acoustical Society of America and 1 
Beta Pi. He has actively served the 
stitute on the following committees: Mé 
bership (1942-43); Education (1945-5 
and Research (1947-51). 


A. J. Allen (M18, F’50), meter engin 
Electrical Engineering Department, C 
solidated Edison Company of N. Y., I 
New York, N. Y., has retired. He 
born on April 2, 1886, in Brooklyn, I 
In 1902 he joined the Brooklyn Edi 
Company and at night he studied 
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tric light and power business through 
ernational Correspondence Schools. 
m 1907 to 1920 he was associated with 
New York Public Service Commission, 
oming chief inspector of electric meters. 
laid out the Public Service Commission 
oratories, made acceptance tests for 
stric transit equipment, and handled 
tomer meter complaints against utility 
npanies. In 1921 he joined the United 
ctric Light and Power Company as 
erintendent of meters and tests and, 
rr the formation of the Consolidated 
ison Company of N. Y., Inc., in 1936 as a 
alt of merging, Mr. Allen became meter 
‘ineer. He has contributed also to the 
elopment of steam meters, holds many 
ents, and has written many articles for 
hnical publications. 


L. Olesen (M °27), general sales manager, 
ston Electrical Instrument Corporation, 
wark, N. J., is retiring after 20 years’ 
vice to the company. Mr. Olesen was 
nm on November 14, 1895, in Highland 
k, Ill, and was graduated from the 
iversity of Illinois in 1918 with a degree 
electrical engineering. Prior to joining 
ston he served as a lieutenant in the 
ial corps during World War I; was a 
sarch engineer with the American Mar- 
i Company (now the Radio Corporation 
America); was an electrical engineer 
h Fanstell Products Company and with 
fell Electrical Instrument Company. 
. Olesen is also a member of the Institute 
Radio Engineers, National Electrical 
mufacturers Association, and the Radio 
evision Manufacturers Association. 


V. Caton (M’23), chief engineer and 
nager of electric utility, Winnipeg Electric 
mpany, Winnipeg, Manitoba, Canada, 
been elected to honorary membership by 
: Engineering Institute of Canada. 
porary membership is the highest honor 
ferred by the Institute which has a total 
15,000. members and only 23 honorary 
mbers. Mr. Caton has been with the 
anipeg Electric Company since 1922. 
was appointed chief engineer in 1936 
| manager of electric utility in 1948. 


N. Walker (A’27, M34), director of 
tion research, The BG Corporation, 
v York, N. Y., has been appointed Vice- 
sident in charge of Sales for the Richard- 
Allen Corporation, New York, N. Y. 
wx to World War II Doctor Walker had 
a professor and Chairman of the De- 
tment of Electrical Engineering at New 
k University..He has served the In- 
ite on the Education Committee (1937— 
and on the Instruments and Measure- 
its Committee (1937-42). 


H. Chase (M ’°42, F 51), assistant Vice- 
ident, Ohio Bell Telephone Company, 
yeland, Ohio, has been appointed deputy 
ctor of the National Production Au- 
ity’s Communications Equipment Divi- 
in Washington, D. C. Mr. Chase has 
) granted a leave of absence from his 
pany in order to accept the government 
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assignment. He will be responsible for 
organizing the division and for its work of 
allocating strategic materials to manufac- 
turers of communications equipment. Mr. 
Chase is also a member of Institute of Radio 
Engineers, the National Society of Pro- 
fessional Engineers, and the American 
Institute of Physics. 


M. A. DeFerranti (M ’43), assistant to the 
manager, aircraft gas turbine divisions, 
General Electric Company, Lynn, Mass., 
has been appointed manager of facilities for 
the General Electric turbojet engine plant, 
Lockland, Ohio. He was with the Inter- 
national General Electric Company from 
1929-35 when he joined the industrial 
control engineering division. After an ab- 
sence of six years Mr. DeFerranti became 
manager of the materials handling division, 


a position he held until he was transferred - 


to the plant in Lynn. He is currently 
serving the AIEE on the General Industry 
Applications Committee. 


A. F. Wilson (A ’23, M °32), assistant Vice- 
President, Ohio Bell Telephone Company, 
Cleveland, Ohio, and L. C. Balch (A’22, 
F ’43), chief engineer, Michigan Bell Tele- 
phone Company, Detroit, Mich., have been 
sent to Turkey under the sponsorship of the 
Economic Co-operation Administration to 
help plan the reorganization of that country’s 
telephone system. 


G. H. Phelps (M’45), commercial engi- 
neering, RCA Victor Division, Radio 
Corporation of America, Camden, N. J., 
has joined the Hammarlund Manufacturing 
Company, Inc., New York, N. Y., as chief 
engineer. His duties will include the ad- 
ministration of the Engineering Department 
and supervision of the design and develop- 
ment of communications and remote control 
equipment. Mr. Phelps is also a senior 
member of the Institute of Radio Engineers. 


R. I. Wilson (A’27, M35), sales engineer, 
Phelps Dodge Copper Products Corporation, 
Philadelphia, Pa., has been ordered to a 
2-week training period for Naval Reserve 
Officers at the Naval War College, Newport, 
R. I. Mr. Wilson holds the rank of Com- 
mander in the United States Naval Reserve. 


W. A. Weiss (A’42), division manager of 
quality control, Sylvania Electric Products, 
Inc., Emporium, Pa., has been appointed 
manager of the company’s new radio re- 
ceiving tube plant in Burlington, Iowa. 
Mr. Weiss joined the company in 1940 as a 
student engineer. In 1942 he was named 
supervisor of quality contrel and served in 
this capacity until 1947 when he became 


quality control manager for the entire 


division. 


D. O. Eschbach (A’45, M49), assistant 
sales manager, switchgear division, Roller- 
Smith and Elpeco Division, Realty and 
Industrial Corporation, Bethlehem, Pa., 
has been appointed general sales manager. 
Mr. Eschbach’s previous experience includes 
association with Gilbert Associates, Inc., 
as a consulting engineer, and before that he 
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was employed as an engineer by the switch- 
gear division of the General Electric Com- 


pany. 


Chester Lichtenberg (A ’05, F ’49, Member 
for Life), retired, Fort Wayne, Ind., has 
been elected Vice-President, National Society 
of Professional Engineers, Central Area. 
He is also serving as Chairman, Young 
Engineers Committee, of the Society. 
Colonel Lichtenberg was retired two years 


-ago by the General Electric Company after 


42 years of service. 


W. T. Johns, Jr. (A 44), regional manager, 
Rumsey Electric Company, Richmond, Va., 
has been elected Vice-President of the 
company. Mr. Johns was graduated from 
Virginia Polytechnic Institute in 1925 with 
a degree in electrical engineering. After 
employment with the Virginia Electric and 
Power Company, Richmond, Va., in the 
Engineering Department, he joined the 
Rumsey Electric Company in 1929. 


A. G. Northover (A ’49), resident engineer, 
McKim Township, Sudbury, Ontario, 
Canada, has been appointed manager of 
the Leamington Public Utilities Commission, 
Leamington, Ontario. The Commission 
operates the municipal hydro, water, and 
gas services for the city. 


F. H. Roby (A’37, M41), general sales 
manager, Square D Company, Detroit, 
Mich., has been elected Vice-President in 
charge of sales. Mr. Roby joined the com- 
pany in 1933 and has served as field engineer, 
headquarters application engineer, manager 
of industrial contro] sales, and general sales 
manager. 


O. P. Proudfoot (M 44), Sales Department, 
Cutler-Hammer, Inc., Buffalo, N. Y., has 
been appointed manager of the Cleveland, 
Ohio, district sales office. Mr. Proudfoot 
joined the company in 1928 and has served 
in the sales offices of Pittsburgh, Pa., and 
Buffalo, N. Y. 


J. N. Evans (A°38, M’46), meter super- 
intendent, Manila Electric Company, 
Manila, Philippines, has been appointed 
to the staff of the Gaseous Diffusion Plant, 
operated by the Carbide and Carbon 
Chemicals Division, Union Carbide and 
Carbon Corporation, Oak Ridge, Tenn. 


OBITUARYeeee 


Ralph Ehrenfeld (M °24), project engineer, 
Research and Engineering Department, 
Apex Electrical Manufacturing Company, 
Sandusky, Ohio, died on January 23, 1951. 
He was born on September 24, 1887, in 
Leechburg, Pa., and was graduated from 
Carnegie Institute of Technology in 1910 
with a degree in electrical engineering. The 
same year Mr. Ehrenfeld became associated 
with the Westinghouse Electrical and 
Manufacturing Company (now the Westing- 
house Electric Corporation) where he was 
assigned to the Small Motor Department 
and served as its manager for a number of 
years. In.1939 he joined the Apex Electrical 
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Manufacturing Company where he was in 
charge of small motor engineering. Mr. 
Ehrenfeld served the AIEE on the Electrical 
Machinery Committee from 1933-34. 


Herman Theodore Kohlhaas (A ’07, M °19, 
F ’°48, Member for Life), retired, New York, 
N. Y., died on April 24, 1951. He was born 
on December 28, 1882, in Brooklyn, N. Y., 
and was graduated from Cooper Union in 
1907. Mr. Kohlhaas, retired assistant Vice- 
President of International Telephone and 
Telegraph Corporation (I.T.&T.), joined 
the Western Electric Company Laboratories 
(now Bell Laboratories) in 1905 and from 
then until 1922 he served as engineer, 
section head, and finally as a division head 
in the physical laboratory. In 1925 he was 
appointed editor of Electrical Communication, 
and in 1945 he was made assistant Vice- 
President of I.T.&T. and served in that 
capacity until his retirement in 1947. He 
was also a senior member of the Institute of 
Radio Engineers. 


William D. Howze (A’36), owner, W. D. 
Howze and Company, Los Angeles, Calif., 
died on April 16, 1951. He was born in 
Denver, Colo., on August 21, 1896. From 
1927-31 he was the Pacific Coast repre- 
sentative for the Everstick Anchor Company. 
Mr. Howze was also associated with the 


Bowie Switch Company, San Francisco, 
Calif. ; 


MEMBERSHIP eee 


Recommended for Transfer 


The board of examiners at its meeting of May 17, 
1951, recommended the following members for trans- 
fer to the grade of membership indicated. Any objec- 
tions to these transfers should be filed at once with the 
Secretary of the Institute. A statement of valid reasons 
for such objections, signed by a member, must be 
furnished and will be treated as confidential. 


To Grade of Fellow 


Almquist, M. L., transmission engr., Bell Telephone 
Laboratories, New York, N. Y. 

See W. R., development engr., Master Electric 

‘0., Dayton, Ohio 

Baker, E. W., plant extension engr., American Tel. & 
Tel. Co., New York, N. Y. 

Bode, H. W., research mathematician, Bell Telephone 
Laboratories, Murray Hill, N. J. 

Dodge, C. C., electrical engr., Stone & Webster Engi- 
neering Corp., Boston, Mass. 

Foulon, F., electrical group engr., Douglas Aircraft Co., 
El Segundo, Calif. 

Fountain, L. L., mgr. technical section, Westinghouse 
Electric Corp., East Pittsburgh, Pa. 

Geiges, K. S., assoc. electrical engr., Underwriters’ 
Laboratories, Inc., New York, N. Y. 

Hardaway, W. D., supt. hydroelectric production & 
Pe renion) Public Service Co. of Colorado, Denver, 

olo, 

Holmes, L. C., divector of research, Stromberg-Carlson 
Co., Rochester, N. Y. 

Nason, H. E., industrial engg. supervisor, Westinghouse 
Electric Corp., Chicago, Ill. 
O’Brien, J. E., chief, technical standards div., Rural 
Electrification Administration, Washington, D. C. 
Pakala, W. E., liaison engr., Westinghouse Electric 
Corp., East Pittsburgh, Pa. 

Persons, J. T., vice pres. & chief engr., Central Power 
& Light Co., Corpus Christi, Tex. 

Putnam, R. C., professor of elec. engg., Case Institute of 
Technology, Cleveland, Ohio 

Ramo, S., co-director, research & development labs., 
Hughes Aircraft Co., Culver City, Calif. 

Roberts, E, A., director, The Roberts Organization, 
New York, N. Y. 

Webb, R. L., asst. division engr., Consolidated Edison 
Co. of N. Y, Inc., New York, N. Y. 

Werly, B. M., supt., shops & field depts. Eastman Kodak 
Co., Rochester, N. Y. 

Witzke, R. L., central station engr., Westinghouse Elec- 
tric Corp., East Pittsburgh, Pa. 
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To Grade of Member 


Andersson, M. A., engr., Public Service Co, of Northern 
Illinois, Chicago, Tl. ; 
Antofilli, V., elec. engineer, Ebasco Services, Inc., 
New York, N. Y. ; R 
Barnes, T. F., asst. chief inspector, The Detroit Edison 
Co., Detroit, Mich. ; 

Boyer, J. L., mgr., rectifier development section, West- 
inghouse Electric Corp., East Pittsburgh, Pa. : 

Brannen, P. M., patent engr., Union Switch & Signal 
Co., Swissvale, Pa. ; : 

Burgess, M. L., manager, Westinghouse Electric Corp., 
Omaha, Nebr. / 

Cambias, S., Jr., asst. electrical engineer, New Orleans 
Public Service Inc., New Orleans, La. 

Carpenter, E. K., electrical engineer, U. S, Bureau of 
Reclamation, Boulder City, Nev. 

Carson, R. N., district engr., Southwestern Bell Tel. Co., 
Houston, Tex. 
Cheney, F. G., electrical engineer, Stone & Webster 
Engineering Corp., Boston, Mass. . 
Chernish, G., asst. to chief electrical engineer, Canadian 
Comstock Co., St. Catharines, Ontario, Canada 

Corcoran, BE. G., electrical designer, Douglas Aircraft 
Co., Inc., El Segundo, Calif. , 

Correy, T, B., electrical engineer, General Electric Co., 
Richland, Wash. ; ‘ 

Crookston, J. G. W., electrical engineer, Canadian 
Brazilian Services, Ltd., Toronto, Ontario, Canada 

Curtis, C. H., electrical engineer, United Engineers & 
Constructors, Inc., Philadelphia, Pa. , 

Fay, R. D,, associate professor, Massachusetts Institute 
of Technology, Cambridge, Mass. 

Fayer, W., elec. design engineer, dept. of water & power, 
City of Los Angeles, Calif. . 

Felix, H. E., model leadman, Douglas Aircraft Co., 
Santa Monica, Calif. 

Fogg, J. N., power supt., Ethyl Corp., Baton Rouge, La. 

Fowler, N. B., div. plant supervisor, American Tel. & 
Tel. Co., Atlanta, Ga. : 
Frazier, J. F., development engineer, Corning Glass 
Works, Cerning, N. Y : ’ 
Fuller, L., manager, switchgear application, Westing- 
house Electric Corp., East Pittsburgh, Pa. 

Gara, B., plant engineer, Standard Brands, Inc., 
Washington, D. C 4 

Hatch, J. A., asst. engineer, Pacific Gas & Electric Co., 
San Francisco, Calif, 

Hobbs, W. E., plant extensions engineer, The Chesa- 
peake & Potomac Tel. Co. of Virginia, Richmond, Va. 

Horelick, A. L., engineering manager, Pennsylvariia 
Transformer Co., Canonsburg, Pa. 

Hudson, M. B., electrical maintenance supervisor, Shell 
Oil Co., Zionsville, Ind. , 

Huse, R. A., asst. engineer, Public Service Electric & 
Gas Co., Newark, N. J. 

Jensen, O., manager, rectifier div., I-T-E Circuit Breaker 
Co., Philadelphia, Pa. 

Jones, A. R., assoc. engineer, Long Island Lighting Co., 
Garden City, N. Y. : 

Keistman, A. R., manager, engineering section, Jack & 
Heintz Precision Industries, Inc., Cleveland, Ohio 

Kimball, R. B., engineering diy., General Electric Co., 
Los Angeles, Calif. 

Kirschbaum, H, S., asst. professor of electrical engg., 
Ohio State University, Columbus, Ohio 

Kozak, T. J., methods engineer, The Toledo Edison Co., 
Toledo, Ohio 

Lautz, P. O., asst. engineer, The Atchison, Topeka & 
Santa Fe Railway Co., Topeka, Kans. 

Lawyer, H., engineer, Oklahoma Gas & Electric Co., 
Oklahoma City, Okla. 

Leach, H. W., electrical engg. & physics professor, 
Tarleton State College, Stephenville, Tex. 

Luckey, R. W., general engineer, Atomic Energy Com- 
mission, Richland, Wash. 
Lyon, G., engineer-in-charge, network analysis dept., 
Associated Electrical Industries, London, England 
Macpherson, H. W., asst. engineer, The T. Eaton Co., 
Ltd., Hamilton, Ontario, Canada 

Mallinckrodt, C. O., member of technical staff, Bell 
Telephone Laboratories, Inc., Murray Hill, N. J. 

Marcum, C. R., manager, rectifier engg. section, West- 
inghouse Electric Corp., East Pittsburgh, Pa. 

Marmaros, H. E., engineer, N. A. Lougee & Co., Inc., 
New York, N, Y. 

Marquardt, H. W., regional director, Westinghouse 
Electric International es New York, N. Y. 

Mars, H. L., pile engineer, General Electric Co., Rich- 
land, Wash. 

McDougal, I. E., application engineer, Westinghouse 
Electric Corp., San Diego, Calif. 

Metz, J., supervising engineer, Commonwealth Edison 
Co., Chicago, Il. 

Nemetz, V., asst. professor of electrical engg., University 
of Wisconsin, Madison, Wis. 

Nicholson, G. J. G., Jr., electrical engineer, Newport 
Electric Corp., Newport, R, I. 

Boporsel ks R, J., owner, Pogo Electric Co., Van Dyke, 

ich. 


Ratliff, K., manager, Allis-Chalmers Mfer. Co., Fort 
Worth, Tex. 

Rennie, W. A., design elec. engr., National Tube Co., 
Lorain, Ohio 

Scussel, F. G,, asst. chief, resources & development diy., 
_U. S, Bureau of Reclamation, Boulder City, Nev. 

Sievers, G. A., president, Industrial Engineering Insti- 
tute, Milwaukee, Wis. $ 

Smith, G. A., Jr., president & engineer, Central Station 
Alarm Co., Dallas, Tex. 

Snyder, F. D., consulting & application engg. super- 
visor, Westinghouse Electric Corp., Boston, Mass. 

Spicer, G. W., engineer, I-T-E Circuit Breaker Co., 
Philadelphia, Pa. 

Spracher, P. R., engineer, Virginia Electric & Power 
Co., Richmond, Va, 
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Steinbrook, S. E., senior design engineer, Baldwi 
Hamilton Corp., Philadelphia, Pa. . j 
Storry, J. O., assistant professor of electrical en 
South Dakota State College, Brookings, S.D. 
Stottler, M. W., engineer, Westinghouse Electric Co 
Philadelphia, Pa. ita A : 
Sturdy, W. W., chief, communications div., Sixth Ap 
Presidio of San Francisco, Calif. } 
Taylor, F. C., asst. engineer, Fall River Electric Tj 
Co., Fall River, Mass. ; 
Thompson, R. J., partner, Carnahan & Thomp 
Engineers, Oklahoma City, Okla, _ 
Tsui, J. H., design engineer, Westinghouse 
Corp., Sharon, Pa. ; 
Turner, J. C., construction supervisor, Southwestern 
Telephone Co., Oklahoma City, Okla. sa 
Turner, R. H., electrical engineer, United Engineer 
Constructors, Inc., Philadelphia, Pa. : 
Warnock, E. W., associate engineer, Consumers Po 
Co., Jackson, Mich, : 
Westmann, C. L., supt., southern hydro div., South 
California Edison Co., San Bernardino, Calif. 
Zastrow, O. W., engineer, Rural Electrification Adi 
istration, Washington, D, C, 
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Applications for admission or re-election to Ins 
membership, in the grades of Fellow and Member, 


To Grade of Member 


Ashley, J. R., Magnolia Pipe Line Co., Dallas, Tex, 
Barlow, S. L. M., Barlow & Young, Ltd., London, E 
land 
Bergey, J. S., Raymend Resen Engg. Products Co., I 
Philadelphia, Pa. 
Blythe, E. G., Northwestern Bell Telephone 
Omaha, Nebr. 
Brewer, G. E., Westinghouse Elec. Corp., Sharon, P 
Cheever, A. H., Lockwood Greene Engineers, 
Boston, Mass. 
Cox, A. G., Robert E. Foley Construction Corp., B 
hamton, N. Y. E 
DuBois, M. A., DuBois Engg. & Mfg. Co., Hamme 
Ind. 
Dunlap, W. C., Jr., General Elec. Research L 
Schenectady, N. Y. 
Frei, C. G., General Elec. Co., New York, N. Y. 
Gilmore, J. L., Mathieson Chemical Corp., 
Charles, Le; 
Gorman, E. B., Pacific Elec. Mfg. Corp., San Francs 
Calif. 
Henning, E. S., Navy Dept., Bureau of Ships, Wash 
ton, D. C, 
Hoyler, C. N., RCA Laboratories, Princeton, N. J. 
Jackson, R. C., U. S. Govt., Dept. of Interior, A 
querque, N. Mex. 
Johnson, W. E., Navy Dept., Taylor Model B 
Washington, D. C. 
Kirkham, E. H., Phelps Dodge Copper Products Co 
Yonkers, N. Y. 
Klekotka, O. S. A., Rev. J. A., Villanova 
Villanova, Pa, 
Lamberton, C. J., General Elec. Co., Pittsfield, Mat 
Lin, C. Y., The Ministry of Industry in Eastern 
Shanghai, China ‘ 
Locke, P. B., Florida Power Corp., St. Petersburg, 
McCamish, W. R., Darby Corp., Kansas City, Kan 
Moore, G. M., Jr., Palmer & Baker, Mobile, Ala. 
Moran, R. B., Jr., Moran Instrument Corp., Pasadi 
Calif. 
Nickell, D. H., Square D Co., Cleveland, Ohio 
Olsen, W. C., Building & Loan Bldg., Raleigh, N, 
Owens, W. B., Ohio Brass Co., Atlanta, Ga. 
Parsons, E. A., Senior High School, Great Falls, Mi 
Potts, H. C., Vanderbilt University, Nashville, Tem 
Ramrath, J. M., Allis-Chalmers Mfg. Co., Boston 
Ruhlen, L, H., Commonwealth Associates Inc., Jack 


Mich, ! 

Saums, H. L., Anaconda Wire & Cable Co., Muskeg 
Mich, ; 

Shepherd, W. G., University of Minnesota, Minneap 
Minn. 

Swaminathan, R. K., Govt. Electricity Dept., Wart 
C.. P., India : ’ 

Valentine, W. W., Potomac Elec. Power Co., Washi 
ton, D. C. 

Vossberg, C. A., The Electron-Machine Co., Lynbt 
N. Y. 


Waghorne, J. H., Hydro-Elec. Power Comm, of Oni 
Toronto, Ontario, Canada 

Widgery, K. H., 88 Wanstead Park Ave., Lom 
England 

Youd, J. R., Gulf Power Co,, Panama City, Fla, 
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ir-Launched Automatic Weather 


Station Transmits Data by Radio 


A self-contained automatic weather sta- 
n, which transmits weather data by radio 
a frequency of five megacycles at 3-hour 
ervals for about 15 days, has been de- 
oped by the National Bureau of Standards 
BS) for the Navy Bureau of Ships. Named 
> Grasshopper, the device can be para- 
uted from aircraft onto inaccessible terri- 
y. Developed during World War II, it 
tomatically will set itself up and periodi- 
ily make and transmit weather observa- 
ms over a range of 100 miles. It also may 
used as a radio marker beacon. 

Designed in the shape of a bomb, and 
cking its own parachute, the weather sta- 
m is loaded on the bomb rack of an air- 
aft. When the unit is released over a de- 
ed location, the parachute is opened auto- 
atically by a line rigged from the aircraft. 
multaneously, an electric clock, which con- 
sls subsequent operations of the station, is 
med on. The impact of landing sets off a 
all explosive charge which disengages the 
rachute and prevents the station from be- 
z pulled along the ground. Either imme- 
ately or after a preset dormancy period, 
other explosive charge causes the station to 
e to an upright operating position. This 
done through an arrangement of six legs 
which springs are attached; the explosive 
large operates a release, permitting the 
ings to pull the legs into position. A 
rd explosive charge extends a telescopic 
rtical antenna to a height of some 20 feet. 
e€ station is then ready for automatic 
nsmission at intervals predetermined by 
built-in timing mechanism. 

Separate mechanisms responsive to 
anges in atmospheric conditions each 
ise an associated resistor to vary. At pre- 
termined intervals the timing mechanism 
ns on the radio transmitter with a 5-watt 
tput and connects one resistor after another 


ture Meetings of Other Societies 


erican Electroplaters’ Society. July 30—August 2, 
1, Statler Hotel, Buffalo, N. Y. 


draulic Institute. September 5-7, 1951, The Drake 


tel, Chicago, Il. 


minating Engineering Society. National Tech- 
al Conference. August 27-30, 1951, Hotel Shore- 
, Washington, D. C. 


ititute of Aeronautical Sciences. Annual Summer 
eting. June 27-28, 1951, Institute of Aeronautical 
lences, Western Headquarters Building, 7660 Beverly 
levard, Los Angeles, Calif. 


titute of Navigation, Seventh Annual National 
Feting. June 28-30, 1951, New Yorker Hotel, New 
rk, N. Y. 


titute of Radio Engineers. Western Convention 
Seventh Annual Pacific Electronic Exhibit. August 
24, 1951, Civic Auditorium, San Francisco, Calif. 


trument Society of America, Sixth National In- 
ment Conference and Exhibit. September 10-14, 
1, Sam Houston Coliseum, Houston, Lex. 


to a critical point in the transmitter circuit. 
The transmitter is designed so that the 
emitted radio signal pulses on and off at a 
rate proportional to the value of the resistor 
so connected, The station is calibrated be- 
fore use by subjecting it to known tempera- 
tures, pressures, and humidities and measur- 
ing the resulting pulse rates. At the receiv- 
ing station the transmitter pulse rate then 


can be read as temperature, pressure, or» 


air-launched automatic 


Model of the 
weather station developed by the NBS. 
The station has landed and the impact 
will set off an explosive charge which 
will disengage the parachute. Another 
charge will operate a leg-release de- 
vice which will permit the springs to 
pull the legs into an upright position 
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humidity, depending on the phase of the 
predetermined clockwork cycle. 

The battery-powered radio transmitter 
proper consists of a crystal oscillator followed 
by a radio-frequency amplifier stage. A re- 
lay in the plate circuit of a separate relax- 
ation oscillator turns the crystal oscillator on 
and off at a rate proportional to the value of 
whatever resistor is inserted temporarily (by 
the clock mechanism) into the relaxation 
oscillator circuit. When the station is to be 
used as a beacon, the radio transmitter and 
its control mechanisms may be simplified. 

The clock, in addition to inserting the 
several weather-responsive resistors into the 
circuit in a predetermined sequence, con- 
nects two other constant-value resistors at 
appropriate intervals; these are a reference 
resistor and an identification resistor. The 
pulse rate produced by the fixed reference 
resistor is observed during initial tests of the 
transmitter. Any subsequent deviation in 
the reference resistor pulse rate warns the re- 
ceiving station that a correction factor must 
be applied to the pulse rates of the weather- 
responsive resistors. Such deviation could 
arise from transmitter damage or aging. 
The identification resistor is selected to pro- 
duce a pulse rate characteristic of the partic- 
ular station; this enables the receiving sta- 
tion operator to identify the station. 

A special technique is used to insure maxi- 
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The Grasshopper is ready to transmit 


weather data by radio. The telescop- 
ing antenna, disengaged by an explosive 
charge, is raised to a height of 20 feet 
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mum accuracy of the transmitted data de- 
spite possible deformation of the weather- 
responsive mechanisms due to landing im- 
pact: a buzzer vibrates each weather- 
responsive device for a short time before its 


associated resistor is inserted in the relaxation 
oscillator circuit. This forced vibration 
counteracts friction, increased by landing- 
impact deformation, and thus aids in the at- 
tainment of a true equilibrium condition. 


Flexible Test Room Facilitates 


Investigation of Lighting Systems 


Design of modern lighting systems for fac- 
tories, offices, stores, schools, homes, and 
other indoor areas will be facilitated through 
the work of a new lighting measurements 
laboratory at Nela Park, Cleveland, Ohio, 
headquarters of General Electric’s Lamp 
Department. 

This laboratory is producing pretested 
data which will make it possible to prede- 
termine the illumination resulting from any 
type of lighting system in all sizes and pro- 
portions of rooms, taking into account a com- 
plete range of room finishes. 

Some of the first studies to be made will 
contribute information needed for lighting in 
the nation’s production program. Good in- 
dustrial lighting is closely allied to high pro- 
duction, quality, safety, and morale. 

By means of a flexible test room, a mecha- 


varied considerably more in character, in the 
size and shape of units, and in their place- 
ment and lighting characteristics. The new 
laboratory will provide pretested information 
with which lighting engineers will be better 
able to solve today’s more complex illumina- 
tion problems. 

The new laboratory’s studies are made in 
what is believed to be one of the most flexible 
rooms ever built. Dimensions can be varied 
from 12 to 30 feet square, and the ceiling can 
be raised as high as 16 feet. Ceiling, wall, 
and floor panels can be changed quickly to 


any desired pattern of color or reflectance; 


and lighting fixtures and lamps of any type 
can be installed and shifted about in any posi- 
tion desired. 

The novel use of instruments greatly 
accelerates measurements. Illumination in 


A flexible room, a mechanized light cell, and instruments which automatically record 

and interpret the amount of light being measured are shown here as part of General 

Electric’s new lighting measurements laboratory. The light cell in the test room whose 
ceiling has been lowered to demonstrate its flexibility is being adjusted 


nized light cell, and instruments which auto- 
matically record and translate the cell’s 
measurement of light into information re- 
quired by illuminating engineers, it now is 
possible to obtain in hours lighting data 
which formerly took days of tedious effort to 
accumulate. 

At one time most lighting was done with 
simple filament units regularly spaced in a 
room. Now, however, lighting systems are 
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any plane is quickly explored by a light cell 
which is moved automatically across the 
room on a small, mechanized carriage oper- 
ating on a track. The cell is connected to 
recording instruments outside the test room. 
These automatic instruments are synchro- 
nized with the movement of the cell. They 
record levels of illumination and simultane- 
ously translate the results into design data 
required by lighting specialists. 
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Part & Brookhaven Reactor 
Declassified for Research 


The United States Atomic Energy Com: 
mission (AEC) has approved declassification 
of the west face of the recently completed 
nuclear reactor at Brookhaven National 
Laboratory, Upton, N. Y. The Commis. 
sion action was taken in order that maxi- 
mum possible use can be made of the Brook- 
haven reactor’s research capacities. 

The Brookhaven reactor began operation 
on August 22, 1950. It is the nation’s 
largest research reactor and is the only one 
in northeastern United States. Its primar 
purpose is to produce neutrons for scientifie 
research, It was designed especially to 
accommodate a larger number of simultane- 
ous experiments than is posible with any 
other known reactor. 

Steel partitions 30 feet high have been 
erected to separate and screen the declassified 
reactor face from the remaining classified 
areas around the pile and traffic from one 
section to the other will be allowed only 
through a closely guarded door. An un 
classified portion of the adjacent pile labo- 
ratory, where special facilities and equip- 
ment make possible the study of dangerously 
radioactive samples, also will be made avail 
able to the researchers. 

Scientists wishing to use these newly de- 
classified facilities will not need the AEC 
security clearance (based on an investigatior 
by the Federal Bureau of Investigation of the 
character, associations, and loyalty of the 
individual) which is required of those work- 
ing on classified research or in classified areas 
of the laboratory. The use of the declassified 
reactor facilities will, however, be subject to 
the approval of the laboratory director and 
the AEC. Those requesting such use will be 
required to complete and sign a Personnel 
Security Questionnaire, including a listing 
of all affiliations, which will be reviewed by 
the Commission’s New York Operations 
Office. In addition, the declassified area 
will at all times be under the surveillance of 
fully cleared personnel who are aware of 
security requirements regarding the reactor. 

Despite the fact that since the war much 
nonclassified research has been done at 
universities and private laboratories, the ex- 
tent to which some studies could be pursued 
has been limited by the equipment available. 
The declassification of one phase of the 
Brookhaven Reactor will make research wi 
neutrons possible on projects initiated « 
side the AEC program which, neverthe 
relate to Brookhaven’s over-all research 
program. 


New Issue of Guidance 
Manual Published by ECPD 


A guidance manual intended for engineers 
aiding young men who are interested in the 
engineering profession was published res 
cently by the Engineers’? Council for Pro- 
fessional Development (ECPD), New York, 
N. Y. The 15-page pamphlet, prepared by 
the ECPD Guidance Committee, urges 
members of local engineering societies and 
sections and chapters of national engineering 
societies to establish guidance committees to 
aid high-school pupils to determine whethé 
they are qualified for careers in engineering, 
The present critical engineering manpowel 
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nortage emphasizes the need for guidance 
f the type indicated in this manual. 

The manual explains briefly how to 
rganize advisory committees and how to 
elect committee members. The manual 
ontains suggestions for working with high 
school and secondary school students and 
sts aids especially useful in counseling high- 
shool boys. The guidance manual is sup- 
lemented by an appendix, “Shall I Study 
mngineering?” which is a questionnaire to be 
led out by the student for use of the engi- 
eer who is advising him. 

Copies of the manual with questionnaire 
nay be obtained from ECPD, 29 West 39th 
treet, New York 18, N. Y. Price of com- 
ination, 20 ceris; cost of the manual if 
urchased separately is 15 cents. The price 
f the questionnaire is ten cents. A deduc- 
ion of 25 per cent for purchases of 25 or more 
3 allowed. 7 

The ECPD is a conference of engineering 
odies organized to advance the engineer 
rofessionally through the co-operative sup- 
ort of its national organizations directly 
epresenting the professional, scientific, edu- 
ational, and legislative phases of the engi- 
eer’s life. 


ilting of Antenna Increases 
UHF TV Station Signal Strength 


Television signals in the program service 
ea of an ultrahigh-frequency (UHF) sta- 
on can be doubled in strength by a slight 
Iting of the transmitting antenna. In de- 
ining the effect of tilting the antenna 
om its normally vertical position, the Radio 
rporation of America (RCA) used the 
cilities of RCA-National Broadcasting 
(ompany’s experimental station KC2XAK 
hich has been in operation near Bridgeport, 
onn., since 1949. 
The antenna built for the tests was erected 
m one side of the Bridgeport transmitting 
wer. By means of a motor-driven arrange- 
ent, the antenna was rocked back and forth 
an arc of approximately 12 degrees to per- 
it engineers to record the resulting vari- 
ions in signal strength. Field tests were 
ade at several locations in the primary 
rvice area of KC2XAK and also at Prince- 
n, N. J., 90 miles away. Results showed that 
ie received signal was at its maximum when 
€ antenna was tilted 2.5 degrees up or down. 
This gain in signal strength, achieved 
ithout increasing the power of the trans- 
itter, would be particularly valuable in the 
esent state of development of the UHF art. 
nlike the very-high-frequency (VHF) sta- 
ons now providing program service to the 
ublic, UHF stations are limited in their 
wer by the types of electron tubes available 
x transmitters. By making use of the addi- 
mal signal strength which the tilted an- 
nna delivers, the effect on the quality of the 
Jevision picture would correspond to that 
hich would be produced if the power of the 
ansmitter were to be multiplied several 
es. Furthermore, this gain would bring 
ut a noticeable improvement in picture 
ality on UHF television receivers installed 
the outer areas of program service. 
Because of the occasional propagation of 
aves well beyond the normal coverage of a 
ation, further tests will be conducted to 
termine whether the gain in signal strength 
oduced by the tilted antenna is likely to 
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The transmitting tower of RCA-NBC’s 

experimental ultrahigh-frequency TV 

station near Bridgeport, Conn., is shown. 

The antenna, on the left side, when 

tilted, increases the signal strength to 

that which would be obtained by doubling 
the power of the transmitter 


increase interference with distant stations 
operating on the same or adjacent channels. 
Plans are being considered to conduct re- 
search on tilted antennas in the VHF field. 
If corresponding gains are obtained on these 
channels now used by commercial television 
stations, their program service areas would be 
extended similarly. The pictures then ob- 
tainable at points 35 to 50 miles for trans- 
mitters would compare more favorably in 
quality with those now being enjoyed at 
locations much closer to the stations. 


Super Vacuum Bottle Holds 
World’s Coldest Liquid 100 Days 
A vacuum bottle that can hold the world’s 

coldest liquid 15 times longer than the best 


container previously available has been de- 
veloped at the Westinghouse Research 
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Laboratories, Pittsburgh, Pa. A copper 
vacuum bottle has been perfected that will 
hold four gallons of liquid helium, used by 
scientists in studies of materials at subzero 
temperatures, at a temperature of only eight 
degrees above absolute zero (— 459.8 degrees 
Fahrenheit) for 100 days. 

The new vacuum bottle consists of two 
highly polished copper spheres, one inside the 
other, about a foot in diameter. Most of the 
air is evacuated from the area between the 
two spheres. The bottle is immersed in a 
tank of liquid nitrogen at a temperature of 
—300 degrees Fahrenheit to minimize heat 
losses. 

Heart of the new device is contained in the 
long narrow neck tube through which the 
liquid helium is poured. Since practically 
all of the heat transmitted into the interior of 
the bottle is conducted down the surface of 
the neck tube, the neck is designed to cut 
these losses to a minimum. This was done 
by making the tube slightly more than a half- 
inch in diameter, increasing its length, and 
using thin-walled metal. Through such de- 
sign, it was possible to reduce the heat in- 
flow by 90 per cent. ; 

The super-cold helium vapors coming 
from the container serve to refrigerate the 
neck tube. This essentially neutralizes the 
transmitted outside heat and thereby nar- 
rows the temperature gap between the tube 
and the helium. By improvements in the 
design of the tube it is predicted that even 
more efficient containers could be developed. 

When liquid helium evaporates, it builds 
up pressures in the container. If a “cork” 
were put on the bottle, the pressures would 
go high enough to cause an explosion. Soa 
tiny opening at the top of the container is 
provided to act as a safety valve. The new 
vacuum bottle answers the need for a long- 
time storage container for liquid helium, and 
may help bring about a radical change in 
present shipping methods for such refriger- 
ants, Because liquid helium evaporates 
very rapidly—840 times faster than water 
does at the boiling point—it has been neces- 
sary to ship it as a gas and then liquify it at 
the point of use. This has required the use 
of heavy steel containers and very high pres- 


A Westinghouse scientist is shown lifting a 

super vacuum bottle from its container of 

nitrogen. The copper bottle holds four 

gallons of liquid helium at a temperature 
of eight degrees above absolute zero 
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sures to keep the volume of the gas down to a 
minimum. With the new vacuum bottle it 
may be possible to ship liquid helium in thin- 
walled containers at ordinary atmospheric 
pressure, thus effecting a savings in both 
space and materials. 


Experts Sent by ECA to Turkey 
to Reorganize Phone System 


_ Seven Bell Telephone experts have been 
sent to Turkey, under the sponsorship of the 
Economic Co-operation Administration 
(ECA) and the Turkish government, to plan 
“the reorganization of that country’s telephone 
system during a 1-year stay in a project that 
is deemed highly important for both stra- 
tegic reasons and for the requirements of 
Turkey’s economy. Turkey at present has 
no telephone communications, either by 
land line or radio, with any other country. 

The work of the group, headed by Earl D. 
Wise, retired Vice-President and general 
“manager of the Pacific Telephone and Tele- 
graph Company, is being financed by an 
ECA appropriation of $79,000 and approx- 
imately $60,000 authorized by the Turkish 
government. The ECA is paying the sala- 
ries of the seven men, plus assuming the ex- 
_penses incurred by Mr. Wise in travelling 
around the United States to conduct inter- 
views preparatory to organizing the team of 
experts, while the Turkish grant will pay for 
the travel expenses to and from Turkey for 
members of the group as well as living and 
travelling expenses while in Turkey. 

In addition to Mr. Wise, other members of 
the team, with a collective experience of 
more than 260 years of telephone company 
‘operation, are: W. E. Badden, construction 
superintendent of the Michigan Bell Tele- 
‘phone Company; L. J. Simonich, outside 
‘plant engineer, Illinois Bell Telephone Com- 
pany; J. E. Mannocci, assistant Vice-Presi- 
dent in charge of personnel for Pacific Tele- 
phone and Telegraph Company; A. F. 
Wilson, retired assistant Vice-President in 
charge of commercial operations for the Ohio 
Bell Telephone Company; V. E. Tyson, re- 
tired division plant personnel supervisor, 
New England Telephone and Telegraph 
Company; and E. C. Balch, chief engineer 
of Michigan Bell Telephone Company. 

The specific job of the seven United States 
specialists will be in four parts: they will 
make a complete survey of existing telephone 
installations and what can be done with 
present plants; survey what future require- 
aments will be; develop a fundamental plan 
of extension of plant so additions will be co- 
ordinated into the whole system; and make 
recommendations for the necessary reorgan- 
ization and additions. During the first two 
months of their task, they also will work with 
10 Turkish technical school graduates who 
are to come to this country. 


Naval Laboratories 
Need Technical Personnel 


The United States Naval Air Develop- 
ment Center, Johnsville, Pa., is accepting 
applications for engineering and other tech- 
nical positions from high-grade engineering, 
scientific, and mechanical personnel with 
education, training, or experience in the 
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_ hydrogen-cooled generator. 


fields of aeronautical, mechanical, electrical, 
and electronics engineering, or in the fields of 
physics, mathematics, biology, and clinical 
psychology. It is also looking for engineer- 
ing draftsmen and laboratory mechanics 
who have considerable experience in aero- 
nautical, electrical, electronics, or mechanical 
drafting of shop work. 

The Navy Department feels that it can 
offer some of the following benefits to tech- 
nical and scientific personnel: variety of re- 
search; opportunities for professional recog- 
nition; opportunities for graduate study 
(through co-operative arrangements with the 
University of Pennsylvania’s Moore School of 
Electrical Engineering); opportunities for 
advancement; and many others. 

Under the field of electrical engineering 
are the following suboptional fields: air- 
craft electrical systems; control; electrical 
components; test and evaluation; and 
laboratory and plant facilities. 

Positions currently available range in 
salary from $2,200 to $10,000 per annum. 
Inquiry regarding the positions described 
should be made to the Industrial Relations 
Officer, United States Naval Air Develop- 
ment Center, Johnsville, Pa. 


World’s Tallest TV Towers 
Now Under Construction 


IDECO, a Division of Dresser Equipment 
Company, Dallas, Tex., announces ac- 
ceptance of contracts for the construction 
of two of the world’s tallest television 
towers. These towers are being built for 
radio stations WITMJ Milwaukee, Wis., 
and WBEWN Buffalo, N. Y., and are being 


furnished through the Radio Corporation of _ 


America by IDECO of Columbus, Ohio. 
The WTMJ tower will be 1,017 feet in 
height and the WBEW tower is to be a cloud- 
piercing 1,057 feet tall which will equal 
the height of the world’s tallest tower 
developed by IDECO for Radio Station 
WCOWN in Atlanta, Ga. Both of the new 
towers will be of triangular construction 
similar to the Atlanta tower. 


Westinghouse to Build Largest 
Gas Turbine for Electric Power 


Sale of the largest gas turbine-generator 
yet ordered for the commercial generation 
of electric power was announced recently 
by the Westinghouse Electric Corporation, 
South Philadelphia, Pa. The unit, a 
15,000-kw machine, will be installed in the 
Bartlesville area of the Public Service 
Company of Oklahoma. Natural gas from 
the Oklahoma fields will provide the heat 
energy which the new turbine will convert 
into electric power. It is scheduled for 
delivery from the Westinghouse Steam 
Division in about three years. 


The 700,000-pound turbogenerator in- | 


stallation will consist of the gas turbine as 
the primary source of power, driving a 
The gas tur- 
bine will comprise high- and low-pressure 
turbines driving high- and low-pressure 
compressors, respectively, with the high- 
pressure turbine also connected to drive the 
generator. Intercoolers will reduce the 
temperature of the compressed air between 
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stages of compression, and a regenerate 
will apply exhaust-gas heat to the air befoi 
it enters the combustor to reduce co 
sumption of fuel. E 

The turbines will operate at a temperatyy 
of 1,350 degrees Fahrenheit—300 de 
higher than even the hottest steam tem 
tures in use today in electric gener 
stations, and about twice as high as # 
temperature of the average steam-gener 
plant. Speed of the turbine will be 
rpm. At full load the compressors will dra 
in 7!/2 tons of air every minute. 


National Groups Represented 
at Civil Defense Meeting 


President Truman, Secretary of Defen 
George Marshall, and Governor Earl Warr 
of California spoke at the Civil Defense Cor 
ference of National Organizations on M: 
7-8, 1951, in Washington, D. C. The ke 
note of the meeting was the need for arousi 
public interest in immediate civil defe 
preparation against enemy attack. TI 
conference was called for the purpose 
mobilizing the civil leadership of the nati 
and was attended by 1,000 leaders of appre 
imately 300 national organizations with 
total membership of about 50,000,00 
Representing the AIEE were past Presiden 
James F. Fairman and Arthur H. Kehoe, 

Several publications containing vital 
formation on civil defense are availab 
They are: United States Civil Defen 
Health Services and Special Weapons D 
fense; Survival Under Atomic Attae 
This Is Civil Defense; What You Shot 
Know about Biological Warfare; The Ale 
Card; Fire Effects of Bombing Attacl 
Medical Aspects of Atomic Weapons; Da 
age from Atomic: Explosions and Design 
Protective Structure. These publicatio 
may be obtained from the Superintendent 
Documents, Government Printing Offic 
Washington 25, D. C. Other publicatic 
in the process of being published inclue 
The Police Service; The Rescue Servic 
Vulnerability of Cities; Civil Defense 
Industry and Institutions; The Ward 
Service and The Fire Service. 

Everyone is urged to do their part fe 
Civil Defense which for many individu 
means staying on the job in their own orgai 
zation where their efforts are as essential 
the public welfare as air-raid wardens 
rescue crews. 


Meeting Held to Promote Safety | 
on Great Lakes by Means of Rad 


Representatives of various governmen 
and nongovernmental bodies of the Uni 
States and Canada, interested in the prom 
tion of safety of life and property on ft 
Great Lakes by means of radio communie 
tion, met in conference in Ottawa from N 
7-10 for the purpose of negotiating an agre 
ment to revise and co-ordinate existing 
quirements. The conference recessed af 
having given careful consideration to 
technical details. It will be reconvened 4 
later date. 

The conference agreed on the need 
making compulsory the carriage of rad 
telephone equipment on ships of 500 gn 


ELECTRICAL ENGINEERI 


ons and over and on passenger-carrying 
vessels over 65 feet in length. All such ships 
would be required to maintain a constant 
istening watch on the distress and calling 
requency. This radio-telephone watch 
would be maintained by either the master, 
mates, or other members of the crew, each of 
whom would be certificated for such duties. 
This would be in addition to their other 
duties while on the bridge. 

The effect of a draft agreement prepared 
would. be to provide for the authorized use of 
radiotelephony as a means of communication 
of distressed signals for shipping on the 
Great Lakes. The distress frequency (2,182 
ke per second) and the present working fre- 
quencies would continue to be used. Deci- 
sions reached by representatives of the two 
countries would become effective on the 
Great Lakes and the St. Lawrence river as 
far east as Montreal. ¢ 


GE Test Stand Duplicates 
Aircraft Power Systems 


A testing system that can duplicate the 
complete electric system of an airplane at 
speeds and loads equivalent to actual flight 
operation is currently in operation at General 
Electric Company, Schenectady, N. Y. 

Designed for the development as well as 
testing of new equipment, the system consists 
of three test stands, each powered by a 450- 
horsepower radial aircraft type engine. 
Through step-up gear boxes, and with forced 
ventilation, generators and alternators func- 
tion at flight conditions. 

Capable of testing normal loads as well as 
hort circuits and overvoltages, the test stands 
etermine whether generators, distribution 
ircuits, and control systems can operate 
satisfactorily under all generator speeds. 
he stands also test for overloads, conditions 
f reduced generation capacity, and any ab- 
ormal conditions such as failures or faults. 

During tests on short circuits, the normal 
loads of landing and cabin lights, radio, and 
anding gear operation are simulated by 
esistors immersed in a water box. Copper 
ables run to ground provide faults required 
o test new protective devices which auto- 
atically clear the entire system and only 
liminate the defective part. 

Currently being used for the development 

28-volt d-c systems for commercial and 
ilitary aircraft, as well as 400-cycle a-c and 
20-volt d-c control systems, the test dupli- 
tion system has been instrumental in gain- 
ng basic knowledge of electrical performance 
well as aiding in the design of new equip- 
ent. In addition, the test system co- 
rdinates the manufacture of aircraft com- 
onents, enabling engineers to find operating 
nd other discrepancies in new equipment 
efore it is used in actual operation. 


chools Must Double Enrollment 

to Meet Shortage of Engineers 

In order to mect the country’s demand for 
mgineers, more than 30,000 of them must 


graduated from the engineering schools 
Since the ‘“‘mortality” rate in 
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double the number that entered engineering 
schools this year—would be required to 
produce 30,000 engineering graduates a 
year. 

Every effort must be made to impress 
high-school principals, counselors, and stu- 
dents with the critical shortage of engineers 
in all fields. One of the groups most active 
in this task is the Engineering Manpower 
Commission of the Engineers Joint Council. 
More than 23,400 high-school principals 
throughout the nation have just received 
copies of a leaflet setting forth the salient 
facts of the shortage and strongly urging 
high-school authorities to direct qualified 
seniors into engineering schools. 


Sawdust Made Available for Cattle 
Fodder by Cathode Rays 


Sawdust may be a practical food for cattle 
some day, according to General Electric 
scientists. 

Experiments conducted in the General 
Electric Research Laboratory, in collabo- 
ration with the department of bacteriology 
at the State College of Washington, Pull- 
man, Wash., show that irradiation with 
high-voltage electrons, or cathode rays, 
makes part of the sawdust digestible by 
organisms in the cow’s stomach. 

According to the scientists, a cow is able 
to utilize pure cellulose (such as cotton) as 
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INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Motion of an Iron Rod 


To the Editor: 


In his Electrical Essay (EE, Mar 57, pp 
254-6), Dr. J. Slepian, in his most interesting 
discussion of the induced electromotive 
force in the familiar text-book “‘sliding-bar”’ 
circuit when the moving bar is made of 
iron, shows that the result is independent of 
the permeability of the iron rod by applying 
Faraday’s law of electromagnetic induction, 
e=—d/dt, to the changing area A-B-C—D 
in his Figure 1 (page 256). So far, his 
method seems beyond reproach, but he 
also (equation 16) claims to prove that the 
“force per unit charge,’ E-+(1/c)[v XB], 
induced in the bar by its motion, is exactly 
the same as if the rod were of nonmagnetic 
copper, namely (1/c)[vXBo], where By is 
the field at the remote end CD of his circuit 
and hence is the value of the uniform field 
in the absence of the iron. This result may 
be expressed in a different way: if a straight 
copper rod of length L moves with constant 
velocity v through a uniform magnetic 
field By (the rod, direction of motion, and 
field being mutually perpendicular), then 
theory tells us that a potential difference 
equal to BoLv will be induced between the 
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food. Wood consists largely of cellulose, 
combined with another compound, called 
lignin, in which combination it is indigesti- 
ble. The cathode rays make the cellulose 
available. Bacterial action in the rumen, 
the first of the cow’s four stomachs, is able to 
convert the cellulose into several other com- 
pounds, such as acetic, propionic, and 
butyric acids. These are generally known 
as the volatile acids, and can be absorbed in 
the animal’s intestines. 

Sawdust has been used in Europe for 
cattle fodder by giving it a sulfuric acid 
treatment, which breaks down the lignin 
and makes the cellulose available for diges- 
tion in the rumen, It is believed that the 
cathode-ray treatment may prove simpler 
and less expensive. 


Celebration to Mark Progress 
of Rural Electrification 


The electric light and power industry will 
observe the week beginning August 26, 1951, 
as Rural Electrification Week. Special ac- 
tivities have been planned by the utilities to 
mark the progress that has been made in 
bringing electric power to the nation’s 
farms since 1923. By the end of this year 
electricity will be available to 95 per cent 
of the farms; this achievement will be cele- 
brated nationally by companies, industries, 
and organizations that have contributed to 
the expansion of our agricultural economy. 


THE EDITOR 


stood to be made by the writers, Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All lettecs submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations, 


ends of the rod. Doctor Slepian appears to 
claim to prove the same theoretical result 
for a rod made of iron. Is this correct? 
The problem is, of course, entirely theo- 
retical, for any attempt to settle it by experi- 
ment would entail closing the circuit with 
other conductors and a measured value of 
the total electromotive force in the circuit 
will not give an answer to our question. 

Referring to Doctor Slepian’s Figure 1 
on page 254, let Boy be the value of the 
magnetic induction, or flux density, of the 
uniform field in the absence of the iron rod. 
Let the actual value of the induction at 
any point, whether inside or outside the iron, 
be B. Then if we define B; as the com- 
ponent of B which is due to the magnetic 
atoms in the iron rod we have, in vector 
notation 


B=B,+B; (1) 


Then, when the rod moves, the value of B 
at any fixed point will change, but since Bo 
is uniform we have 

dB dBo | dB; _ dB; 
dt at dt dt 


(2) 
Similarly, if A is the vector potential defined 
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by the relation curl A=B, we can also split 
A into components Ao and Aj, where curl 
A;y=B; and 


dA dA; 


i di (3) 


Now, assuming in the first instance that no 
electric charges are displaced on the moving 


rod, the total “force per unit charge” in _ 


it which is brought about by its motion will 
be equal to the “motional intensity” [vB] 
plus the electric field (which acts equally on 
stationary or moving conductors) induced 
by the changing magnetic field at stationary 
points. Or, mathematically 


dA dA; 
oil 20 rece ea pode =[v XB] + 
[vXBi]+(vV)A: (4) 
oA 
where (vv )A;=22,— 
Ox 
but 


(vV )A;=V (A;-v) —[v Xcurl A,] = 
V (A;-v) —[v XB] 


so that 
F =v XB)+V (A;-v) (5) 


(Dr. Slepian’s factor 1/c¢ is left out of the 
foregoing since it is not required if we use 
ordinary unit systems such as the meter— 
kilogram-second.) 

The “force per unit charge” induced in 
the bar by the motion, therefore, consists of 
the two terms on the right-hand side of 
equation 5: the first term represents the 
resultant of two components, [v XB] which 
is the true “motional intensity” and acts 
only on the moving material, and a com- 
ponent —[vXB,] or [B;Xv] which is 
that part of the induced electric field which 
may contribute to the electromotive force 
induced in the closed circuit. This latter 
component may, in general, result in the 
stationary wires BC, CD, and DA con- 
tributing to the induced electromotive force, 
but in the case of the rectangular circuit 
considered by Doctor Slepian this is not so, 
provided that the end CD is beyond the 
influence of the changing magnetic field. 
The sides BC and DA do not contribute 
since the velocity v is parallel to them. The 
second term in equation 5, V(A;-v), is 
that part of the induced electric field which 
is the gradient of a potential function. Act- 
ing alike on stationary and moving con- 
ductors, it cannot contribute to the electro- 
motive force induced in the closed circuit. 

In general, however, the component 
v (Ai: v) must be included in the electric 
field E which appears in Doctor Slepian’s 
equations 13, 14, 15, and 16. Thus, if 
the sliding bar is considered to be moving 
in isolation, the theoretical value of the 
potential difference induced between its 
ends, being equal to the line integral of F, 
will not be equal to BoLv unless the term 
v (A;-v) happens to be zero. 

Now in the case considered, the lines of 
A; happen to be at right angles to the 
velocity v. This may be seen by consider- 
ing Doctor Slepian’s Figure 1 on page 254: 
if the lines of force there shown are con- 
sidered to be lines of current flow through 
a long cylinder of greater conductivity than 
the medium in which it is immersed, then 
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the magnetic lines of the field due to this 
current will be perpendicular to the paper, 
and parallel to the cylinder. The spatial 
relation between A and B is the same as 
that between B and i (current density), so 


that the lines of A, the vector potential, 


in Figure 1 will also be parallel to the 
conducting rod and perpendicular to its 
direction of motion. Thus, the scalar 
product, A;-v, appearing in equation 5 is 
zero and we have 


F=vXB (6) 


We now have confirmed Doctor Slepian’s 
equation 16, but his proof appears to lack 
validity owing to his unproved and, I think, 
erroneous statement that the side AB alone 
contributes to the integral. If the moving 
rod were to be placed obliquely across the 
fixed parallel sides of the circuit but still 
moved along the circuit, then A, and v 
would not be perpendicular and_ their 
scalar product would not vanish. 

The foregoing treatment is based on a 
straightforward development of the accepted 
physical theory of electromagnetism. If, 
however, we modify this in the way de- 
manded by the transformations of the 
Theory of Relativity, a moving magnetized 
body develops, mathematically, an “ap- 
parent” molecular polarization whose effect 
is to cancel the second component of F in 
equation 5, and hence to make equation 6 
generally true. A full explanation of this 
would be inappropriate in this letter, but 
it is hoped that Doctor Slepian will illustrate 
it in his later essays. 

One further point: surely Doctor Slepian’s 
result given in his equation 17 is true only 
if the rest of the conducting circuit has 
zero resistivity, for as it stands it means that 
the whole of the induced electromotive 
force is used up in sending the current 
through the resistance of the moving bar. 


E. G, CULLWICK (M ’33) 


(St. Andrews University, Dundee, Scotland) 


Two-Element Wattmeter 


To the Editor: 


In a Letter to the Editor (EE, May ’57, 
fp 469), Mr. Tschupp makes a theoretical 
review of the application of a 2-element 
wattmeter for determination of phase 
sequence, which scheme is feasible due to the 
fact that inherently the proper connection 
of such instrument demands one element 
operate at 30-degree lag and the other at 
30-degree lead with unity power factor load. 
Hence, when either a leading or a lagging 
load is applied, the readings obtained by 
alternately disconnecting each of the po- 
tential circuits are different, for as the current 
in one element pulls closer into phase, the 
current in the other element leads or lags 
further out of phase. Proper evaluation of 
the individual wattage readings, as demon- 
strated, gives the phase sequence. 

Practically, in the field, in the event a 
2-element wattmeter is not already in the 
line, the same result may be obtained simply 
by using a single-phase wattmeter: where a 
high-voltage line is involved, necessitating 
the use of current and potential transformers, 
this method effects a considerable saving in 
equipment, setup time, wiring, and energy 
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in transporting the equipment to and fron 
the job. ) 

It is only necessary to apply line current 
say J)», to the wattmeter, then take wattag 
readings alternately, using what would t 
E,-2 and £\-;, if the rotation actually wer 
1-2-3. You will note that the first hook-u 
gives the ‘‘30-degree lag” and the secor 
gives the ‘‘30-degree lead” connection © 
the wattmeter, at unity power factor. Sine 
these are precisely the same conditior 
which prevail with a 2-element wattmeter 
the individual. wattage readings may t 
evaluated in the same way. 

Relative to differentiation between induc 
tive and capacitive loads, using a 2-elemer 
wattmeter, also mentioned by Mr. Tschup; 
it might be of interest to know that for som 
30-odd years Esterline-Angus Company h 
distributed curves or tables by means ¢ 
which the exact power factor of a stead} 
balanced, leading or lagging load may b 
read, and from ‘zero’ to ‘unity’ power factor 
The method is to divide the smaller wattag 
reading by the larger and apply the quotie: 
to either the curve or the table. ' 

In my opinion, schemes such as the 
are not stressed in most texts or handboo 
because they are emergency, stop-gap met 
ods, useful only in the absence of prop 
instrumentation. : 


THOMAS A, KENNY (M 
(P. O. Box 266, Summit, N. J 


Aluminum Conductors for Aircraft 


To the Editor: 


In the December 1950 issue of Electric 
Engineering! there appeared an inter 
article on aluminum conductors. 
confirms the great weight-saving which migk 
be made if aluminum cables could be use 
in aircraft, and emphasizes that the chi 
obstacle to their being employed mot 
widely is the difficulty of making a soun 
low-resistance joint at the termination. 

While it is apparent from Mr. 
macher’s article that a drastic mecha 
deformation may provide some solution 
the problem of effecting a low-resistanc 


Figure 1. Comparison of soldered an 


clamped joints 


contact, it would seem that a sound 
technique might be based on the ultrasoni 
soldering apparatus that has recently becom 
available.? Using solder containing 80 par 
tin to 20 parts zinc in a bath excited by ant 
trasonic transducer, we have tinned the end 
a cable consisting of 37 strands of 0.064-ini 
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luminum wire, subsequently soldering it 
by the application of heat without ultra- 
onics) in a conventional tinned copper lug. 
The resistance of this joint was about 10 
nicrohms, compared to 1,000 microhms for 
| circular clamp bolted on. 
Since no absolute figures were given in 
Mr. Schumacher’s digest, a direct com- 
yarison cannot be made with his results, 
ut the improvement brought about by 
ultrasonic soldering is sufficiently striking 
lo suggest that the “‘contact”’ resistance will 
ot be higher than in the case of the indented 
inal. The tinning operation would 
‘m to be simpler and less critical and to 
ive less danger of re-oxidation later. 
Tensile tests were not made on_ these 
articular specimens. Experience with other 
amples has shown that lap joints in thin 
eet can be made with strength comparable 
that of the original aluminum. 
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e following new books are among those recently 
eceived at the Engineering Societies Library. Un- 
ess otherwise specified, books listed have been pre- 
ented by the publishers. The Institute assumes no 
esponsibility for statements made in the following 
jummiaries, information for which is taken from the 
refaces of the books in question. 


TM STANDARDS ON COPPER AND COPPER 
LLOYS, sponsored by A.S.T.M. Committee B-5, 
anuary 1951. American Society for Testing Materials, 
916 Race Street, Philadelphia 3, Pa. 530 pages, illus- 
tions, diagrams, charts, tables, 9 by 6 inches, paper, 
.35. Containing 108 standards, this volume includes 

latest specifications on cast and wrought copper and 
pper alloys, copper and copper alloy electric conduc- 
rs, and nonferrous metals used in copper alloys. The 
pecifications cover products as well as test methods and 
(© recommended practices. 


[ALYTICAL AND APPLIED MECHANICS. 
G. R. Clements and L. T. Wilson. Third edition. 
cGraw-Hill Book Company, New York, N. Y.; 
‘oronto, Ontario, Canada; London, England, 1951. 
163 pages, diagrams, tables, 9!/, by 6 inches, cloth, 
55.50. A working text based on explicitly stated defi- 
1itions and theorems, this book provides a rigorous dis- 
vassion of the mathematical and physical theory of 
mechanics. Significant changes in this third edition in- 
ude a somewhat briefer treatment of statistics; a greater 
mphasis on the motion of mass systems, with the plane 
notion of a rigid body as a special case; a study of 
nechanical vibrating systems with one degree of freedom 
ind their electrical analogies; and a rearrangement of 
he material onsimple and combined stresses, strains, and 
leflections in nonrigid bodies. 


\PPLICATIONS DE V?ELECTRICITE (Mément 
PElectrotechnique, Tome IV). By A. Curchod and 
. Vellard. Second edition. Dunod, Editeur, 92 rue 
jonaparte, Paris (VI), France, 1951. 491 pages. 
liagrams, charts, tables, 83/4 by 51/2 inches, fabrikoid, 
,150 frs. Volume IV of this series covers in consider- 
ble detail some of the major applications of electric 
ower: electric locomotives and electric traction prac- 
ice; mechanical applications, such as drives for ma- 
hinery; agricultural uses of various kinds; electro- 
hermal devices, such as electric furnaces and welding 
quipment: and electrolytic applications including 
forage batteries, 
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(THE) BEHAVIOR OF ENGINEERING METALS. 
By H. W. Gillett. John Wiley and Sons, New York, 


N. Y.; Chapman and Hall, Ltd., London, England,. 


1951. 395 pages, illustrations, diagrams, charts, tables, 
91/1 by 6 inches, linen, $6.50. Designed to help non- 
metallurgists who must select metals and alloys for engi- 
neering uses, this book discusses the behavior of these 
materials rather than the theories that seek to explain 
their behavior. The first six chapters introduce basic 
concepts of metallurgy; the next nine deal with the be- 
havior of each of the principal commercial metals and 
alloys; and the remaining chapters are devoted to spe- 
cial considerations that may influence the selection of 
metals and alloys. Bibliographies appear at the end of 
most of the chapters. 


DIE CASTING. By H. H. Doehler. McGraw-Hitl 
Book Company, New York, N. Y.; Toronto, Ontario, 
Canada; London, England, 1951. 502 pages, illus- 
trations, diagrams, charts, tables, 91/4 by 6 inches, cloth, 
$8.00. Ofinterest to metallurgists, equipment and prod- 
uct designers, production engineers, and students, this 
book discusses the present-day production methods and 
the design techniques of the entire field of die-casting. 
It describes the components and operations of the vari- 
ous types of die-casting equipment as well as every aspect 
of die construction and the requirements, composition, 
and applications ofdie steels and die-casting alloys. Also 
covered are the estimation of die-casting costs and safety 
in the die-casting plant. A final chapter supplies a 
glossary of terms. ‘ 


DIESEL-ELECTRIC LOCOMOTIVE HANDBOOK 
—Electrical Equipment. 290 pages. DIESEL-ELEC- 
TRIG LOCOMOTIVE HANDBOOK—Mechanical 
Equipment. 262 pages. By G. F. McGowan. Sim- 
mons-Boardman Publishing Corporation, New York, 
N. Y., 1951. Illustrations, diagrams, charts, tables, 
81/4 by 51/2 inches, fabrikoid, $4.95 each. Basic refer- 
ence books for enginemen, maintenance men, and other 
railroad personnel engaged in operating and maintaining 
diesel-electric locomotives, these books provide a survey 
of the theory and equipment used in this field. As indi- 
cated, one deals with aspects of electric equipment and 
the other with aspects of mechanical equipment. Direct 
information is given on the products of the major manu- 
facturers. 


DUNLAP’S RADIO AND TELEVISION ALMANAC. 
By O. E. Dunlap, Jr. Harper and Brothers, New York, 
N. Y., 1951. 211 pages. illustrations, 8!/; by 5!/s inches, 
fabrikoid, $4.00. This book is an almanac of facts, dates, 
and people in the history of radio and television. The 
chronological record begins with the first rudimentary 
discoveries in electronics in the 17th century and carries 
right up to 1950. It covers not only technical develop- 
ments but the history-making events in such fields as 
international affairs, national politics, sports, aviation, 
and the arts. It includes a record of officials, past and 
present, of the various radio and television trade asso- 
Ciations, institutes, and commissions. 


DYNAMIC MOTION AND TIME STUDY. By 
J. J. Gillespie. Chemical Publishing Company, Brook- 
lyn, N. Y., 1951. 140 pages, illustrations, diagrams, 
charts, tables, 83/s by 51/2 inches, cloth, $3.75. Relating 
work activity to work psychology, this book offers a 
solution to the problem of increasing efficiency without 
evoking the antagonism of the operator. Principles of 
motion study are included which provide a dynamic 
technique of motion simplification, A list of references 
is included at the end of the book, 


ELECTRIC ILLUMINATION. By J. O. Kraehen- 
buehl. Second edition. John Wiley and Sons, New 
York, N. Y.; Chapman and Hall, Ltd., London, Eng- 
land, 1951. 446 pages, illustrations, diagrams, charts, 
tables, 91/4 by 6 inches. linen, $8.09, This book presents 
the principles underlying the specification and design 
of electric lighting for commercial and industrial build- 
ings. Reflecting the advances made since the first edi- 
tion, changes include new material on glare and glare 
calculations, a treatment of the calculation of illumina- 
tion trom line and surface sources, consideration of lou- 
verall lighting systems, revision of the material on wiring 
and on economics of light production, New illustrations 
and appendices are included. : 


ELECTRIC CIRCUITS FOR ENGINEERS. By 
E. K. Kraybill. Macmillan Company, New York, 
N. Y., 1951 212 pages, illustrations, diagrams, charts, 
tables, 91/2 by 61/, inches, linen. $3.85, In this book 
a broad picture of steady-state electric circuit theory is 
presented by the logical combination of a-e and d-c 
relationships into an integrated and unified whole. 
Special features are a correlaticn of electric phenomena 
with related phenomena in the general scientific field; 
use of standard terminology, definitions, and symbols; 
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and use of actual values in the problems. A working 
knowledge of elementary differential and integral 
calculus and physics is essential. 


ELECTRICAL AND RADIO DICTIONARY, in- 
cluding Symbols, Formulas, Diagrams, and Tables. 
By C. H. Dunlap, E. R. Haan, and L. O. Gorder. 
Fourth-edition. American Technical Society, Drexel 
Avenue at 58th Street, Chicago 37, Ill., 1950. 133 
pages, illustrations, diagrams, tables, 81/2 by 51/s inches, 
linen, $1.75. In addition to definitions of terms used 
in electrical, radio, and television work, this book 
contains illustrations of standard symbols, sample 
circuits, wire and insulation tables, and other useful 
data. 


JANE’S ALL THE WORLD’S AIRCRAFT 1950-51. 
Compiled and edited by L. Bridgman. McGraw-Hill 
Book Company, New York, N. Y. 536 pages, ilJustra- 
tions, diagrams, tables, 13 by 8 inches, linen, $20.00. 
This standard handbook contains up-to-date and 
authoritative data on the civil and military aircraft 
of 62 nations. In this 41st edition several new sections 
of information have been added, and hundreds of new 
illustrations. The section on military aviation is fully 
revised up to mid-1950 to include details on the recently 
organized air forces of Hungary, Israel, Indonesia, 
Lebanon, and the Philippine Republic. A new feature 
is a list of first flights made within the past year. 


PERSONNEL HANDBOOK. Edited by J. F. Mee. 
Rorald Press Companv, New York, N. Y., 1951. 1,167 
pages, illustrations, diagrams, charts, tables, 71/3 by 
48/, inches, fabrikoid, $10.00. This handhook provides 
a comprehensive reference guide to the best practice 
in the field of personnel and industrial relations. It 
presents guiding principles, factual data from experience, 
specific recommendaticns, criteria for evaluation, 
standards fcr comparison, step-by-step procedures, and 
case examples from practice. Specific practical prob- 
Jems which arise in the organization and implementation 
of training or safety programs, proper employee re- 
cruiting and selection, preparation for labor contract 
negotiations and administration of contracts, testing, 
merit rating, and so forth, also are covered. 


PLANT LAYOUT PLANNING AND PRACTICE. 
By R. W. Mallick and A. T. Gaudreau. John Wiley 
and Sons, New York, N. Y.; Chapman and Hall, 
London, England, 1951. 391 pages, illustrations, 
diagrams, charts, maps, tables, 98/4 by 61/4 inches, 
linen, $7.50. Written for the administrative executive 
and plant engineer, this book is devoted to the principles 
and practice of planning, design, presentation, and 
economics of plant layout projects. It covers both re- 
layouts and new plants with data on designing and 
evaluating all plant facilities and services. Plant 
location, building architecture, and construction 
engineering are not discussed. A bibliography divided 
into subjects covers both the topics covered and the 
three aforementioned topics which are not treated. 


PROPAGATION OF SHORT RADIO WAVES. 
(Massachusetts Institute of Technclogy, Radiation 
Laboratory Series, Volume 13). Edited by D. E. Kerr. 
McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1951. 
728 pages, illustrations, diagrams, charts, maps, tables, 
91/4 by 6 inches, cloth, $19.00. This volume treats 
the phenomena associated with the propagation of short 
radio waves between terminal p-ints, whether they be 
the radar antenna serving a dual purpose or the antennas 
of a communication system. It presents a summary of 
the state of knowledge in the microwave-propagation 
field at the close of the war. The eight chapters cover 
general considerations, theory of propagation in a 
horizontally stratified atmosphere, meteorclogy of the 
refraction problem, experimental studies of refraction, 
reflections from the earth’s surface, radar targets and 
echoes, meteorological echoes, and atmospheric at- 
tenuation, 7 


STORY OF METALS (Series for Self-Education). By 
J. W. W. Sullivan, published jointly by American 
Society for Metals, Cleveland, Ohio, and Towa State 
College Press, Ames, Towa, 1951. 290 pages, illustrae 
tions, diagrams, charts tables, 73/, by 5 inches, fabrikoid, 
$3.00. A simply written, historical account of the 
gaining, working, and «se of metals from the earliest 
times to the present. Review questions are provided 
at the end of each chapter, and the book includes a 
table of all the metallic elements and a glossary of se- 
lected technical terms, 


THEORY AND APPLICATION OF ELECTRICAL 
ENGINEERING. By E. W. Schilling. International 
Textbook Company, Scranton, Pa., 1951. 402 pages, 
illustrations, diagrams, charts, tables, $6.50. Placing 
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Library Services 


NGINEERING Societies Library 
E books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares bibliographies, maintains search 
and photostat services, and can provide 
microfilm copies of any item in its 
collection. Address inquiries to Ralph 
H. Phelps, Director, Engineering So- 
cieties Library, 29 West 39th St., 
New York 18, N. Y. 


special emphasis on circuit theory and machinery, this 
text covers more topics than are usua!ly contained in a 
fundamental treatment of this subject. Among the 
features of the book are unbalanced 3-phase load cover- 


age; motor selection for duty-cycle operation; a - 


mathematical discussion of the current growth in an 
inductance-reactanae circuit; discussion of radio 
interference; coverage of automatic starters for d-c 
motors; and instruction on rate structures. Elec- 
tronics, illumination, and storage batteries also are 
considered. 


PRACTICE OF LUBRICATION. By T. C. Thomsen. 
Fourth edition revised. McGraw-Hill Book Company, 
New York, N. Y.; Toronto, Ontario, Canada; London, 
England, 1951. 617 pages, illustrations, diagrams, 
charts, tables, 91/4 by 6 inches, cloth, $8.00. This text 
provides a comprehensive coverage of the origin, nature, 
testing, selection, application, and use of all types of 
lubricants. New material presented in this fourth edi- 
tion includes additives, the lubrication of aeroengines and 
aircraft accessories, the use of fabric bearings in steel 
mills, and the use of other types of bearings, synthetic 
oils, new solvent-refining processes, and developments in 
lubricant manufacture. 


QUALITY CONTROL: Principles, Practice, and 
Administration. By A. V. Feigenbaum. McGraw- 
Hill Book Company, New York, N. Y.; Toronto, On- 
tario, Canada; London, England, 1951. 443 pages, 

_ illustrations, diagrams, charts, tables, 91/4 by 6 inches, 
linen, $7.00. This book presents quality control as a 
business method for actual plant application, In four 
paris, the first part discusses, from a general management 
standpoint, the nature and potential uses of quality con- 
trol, activities, organization, and results; the second 
covers the statistical tools required; the third considers 
the application of quality control in engineering, pur- 
chasing, incoming inspection, manufacturing, sales, and 
so forth; and the fourth develops the procedures for 
actually instituting a practical program. 


SOURCEBOOK ON ATOMIC ENERGY. By S. 
Glasstone. D. Van Nostrand Company, Toronte, 
Ontario, Canada; New York, N. Y.; London, England, 
1950. 546 pages, illustrations, diagrams, charts, tables, 
9/4 by 6 inches, cloth, $2.90. This book surveys the, 
important facts about the history, present status, and 
possible future of atomicscience. It considers peacetime 
and wartime applications. Beginning with the earliest 
theories of the atom and its structure, the growth of 
thought and knowledge, the development of theories, and 
the discovery of the phenomenon of radioactivity are de- 
scribed. Atomic particles, modern instruments, and the 
release of atomic energy are treated. Radiation pro- 
tection and health physics also are considered. 


SYMPOSIUM ON ULTRASONIC TESTING (Spe- 
cial Technical Publication Number 101), presented at 
the 52nd Annual Meeting, American Society for Testing 
Materials, 1916 Race Street, Philadelphia 3, Pa., 1951. 
133 pages, illustrations, charts, tables, 9 by. 6 inches, 
paper, $2.00 (to A.S.T.M. members, $1.50). The ten 
papers and discussions included in this book represent a 
summary of the history, theoretical aspects, basic prin- 
ciples of practical testing, and practical applications for 
the ultrasonic testing of materials. Several of the papers 
include lists of references, and one bibliography of 342 
references on the inspection, processing, and manufactur- 
ing control of metals by ultrasonic methods is included. 


TECHNICAL OPTICS, Volume II. By L. C. Martin. 
Pitman Publishing Corporation, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1950. 
344 pages, illustrations, diagrams, charts, tables, 83/4 by 
51/s inches, linen, $7.50. ‘This new and revised edition 
of Volume If of the author’s “Introduction to Applied 
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Optics” deals with the construction and performance of 
optical instruments. Reflecting the advances made dur- 
ing the last few years, new material is included on the 
theory of phase-contrast microscopy, Schmidt cameras, 
the problems of aspheric surface optics, and other new 
topics. Emphasis is on optical concepts rather than a 
rigorous mathematical treatment. 


THEORIE, FONCTIONNEMENT ET CALCUL 
DES MACHINES ELECTRIQUES, Tome I. Circuit 
magnétique—Machines 4 courant continu. ‘ By A. 
Guilbert, preface by A. Mauduit. Dunod, Editeur, 92 
rue Bonaparte, Paris (VI), France, 1951. 606 pages, 
illustrations, diagrams, charts, tables, 91/2 by 61/4 inches, 
linen, 2,760 frs. This first volume of a set on the theory, 
operation, and design of electric machinery deals only 
with d-c machines. Following information on electro- 
magnetic fundamentals and the general characteristics of 
d-c circuits and windings, detailed treatments of d-c 
generators and motors are given. Phenomena auxiliary 
to the operation of d-c machinery are discussed, and the 
last chapter consists of notes on electrical design calcula- 
tions. 


THEORY AND APPLICATION OF INDUSTRIAL 
ELECTRONICS (McGraw-Hill Electrical and Elec- 
tronic Engineering Series). By J. M. Cage and C. J. 
Bashe. McGraw-Hill Book Company, New York, 
N. Y.; Toronto, Ontario, Canada; London, England, 
1951. 290 pages, illustrations, diagrams, charts, 
tables, 91/4 by 61/4 inches, fabrikoid, $4.75. Written 
primarily for college graduate and undergraduate 
courses in industrial electronics, this text covers the 
electronic instrumentation of both electrical and non- 
electrical quantities, electronic contro] including servo- 
mechanisms, and electronic power including d-c power, 
induction heating, and dielectric heating. Emphasis is 
on fundamental principles and their applications. 
Photographs and drawings are used liberally to illustrate 
specific points, and problems at the end of the chapters 
combine theory with simple workable applications. 


3100 NEEDED INVENTIONS. By R. F. Yates. 
Wilfred Funk, Inc., 381 Fourth Avenue, New York 16, 
N. Y., 1951. 336 pages, 71/2 by 5 inches, cloth, $2.95. 
The more than 3,000 suggestions are broadly classified 
in chapters or chapter sections under a wide variety of 
headings. In addition to the great general group of 
suggestions, a list of current special problems of par- 
ticular interest for national defense is included. The 
early chapters also provide some discussion of the field 
and of methods of inventive procedure. 


WATER TREATMENT FOR INDUSTRIAL AND 
OTHER USES. By E. Nordell. Reinhold Publishing 
Corporation, New York 18, N. Y., 1951. 526 pages, 
illustrations, diagrams, charts, maps, tables, 91/4 by 6 
inches, linen, $10.00. This comprehensive book on 
industrial waters should be of practical value to all 
whose work involves their use. The first four chapters 
are devoted to impurities in water supplies and how they 
can be eliminated or reduced. Chapter 5 concerns 
industrial water requirements and water-treatment prac- 
tices. The next two chapters describe the problems and 
practices relating to boiler feed waters and cooling 
waters. The remainder of the text covers the different 
processes and equipment used in treating water. The 
appendix contains 43 tables of conversion factors and 
equivalents and three curves for use in calculations. 


WAVEGUIDE HANDBOOK. Edited by N. Marcul- 
vitz. McGraw-Hill Book Company, New York, N. Y.; 
Toronto, Ontario, Canada; London, England, 1951, 
428 pages, diagrams, charts, tables, 91/4 by 6 inches 
cloth, $7.50. This book presents in compact form all 
currently available data, and some experimental data 
on the properties of microwave transmission lines, micro- 
wave circuit elements, and of certain other microwave 
structures. Data are given in the form most easily 
applied in practical circuit design. Theoretical results 
are stated in analytical form, and numerous graphs 
present results in numerical form. Textual material is 
restricted to that needed to explain the form of presenta- 
tion and, in some cases, to indicate methods of applica- 
tion, 


PRODUCTIVITY, SUPERVISION AND MORALE 
IN AN OFFICE SITUATION. Part I. By D. Katz, 
N. Maccoby and N. C. Morse; published by University 


‘of Michigan, Institute for Social Research, Survey 


Research Center, Ann Arbor, Mich., 1950, 84 pages. 
tables, 81/2 by 51/2 inches, paper, $2.00. This report 
presents the findings of a research project of the Office of 
Naval Research on group productivity as observed in a 
business office. It is the first in a proposed series on this 
subject. This report outlines the study plan, the 
methods used to obtain data, and the results of the study. 


Of Current Interest 


- National Electrical Code 1951. 


PAMPHLETS eee. 


The following recently issued pamphlets ma 
interest to readers of ‘Electrical Engineeri 
inquiries should be addressed to the issuers, 


The 1 
edition contains changes and includ 
entirely new article on induction and 
tric heat generating equipment. T 
is used as a basis for safe electrical wiri 
installations in most of the 48 states. 
National Fire Protection Association (} 
is sponsor of the Code and has been 
past 40 years. Containing 415 pag 
available from the National Fire Pre 
Association, Publication Services 
ment, 60 Batterymarch Street, 
Mass., at $3.00 per copy. A pocke 
of the Code is available from the same 
at $1.00 per copy. 


Review of Current Research. — 
by the Engineering College Researe 
cil (ECRC) of the American Soci 
Engineering Education, this boo 
the policies and activities of engine: 
search in 91 colleges and universi 
membership in ECRC. A brief 
policies which govern research pr 
contracts at each institution is give 
also the number of personnel enga 
search activities, the annual exp 
and special conferences and a sho 
interest to research workers. C 
available at $2.25 each, and may | 
tained from the Secretary of the En; 
College Research Council, Room 7- 
Massachusetts Avenue, Cambridge 38 a 
ee 


Tensile Recovery Behavior of T 
Fibers. This report, prepared by 
Army Quartermaster Corps, pres 
account of systematic recovery 
samples representing 16 different tex 
materials. The materials are com 
to the percentage of elongation 

covers immediately; that which r 
after a defined period of time; 
which remains permanently. IIL 
Available at $1.50 per copy from t 
of Technical Services, United States | 
ment of Commerce, Washington 25, 


Lighting and the Nation’s Welfare. 
report is divided into five sections: Pr 
tion Lighting; Office Lighting; Pro 
Lighting; Public Safety ‘Lighting 
Education Lighting. In addition to_ 
plete statistics on the effects of lighti 
report contains several comprehensive | 
and graphs illustrating many of the im 
ant points brought out by this study. I 
available for 25 cents per copy from the! 
tional Information Committee on Lighti 
1410 Terminal Tower, Cleveland, Ohio. 


Studies on Synthetic Lubricant Oils. 
report, prepared by the Defense D 
ment’s Central Air Documents Office, | 
description of studies in this field carried 
by Germany’s I. G. Farben. Availal 
50 cents per copy from the Office of Te 
nical Services, United States Department 
Commerce, Washington 25, D. GC. » 


ELECTRICAL ENGINE: 


Fifteen years ago this July, we made our first shipment of wires and 
cables to the electrical industry. Your ready acceptance of Rome Cable 
products since that time has more than justified our confidence in that 


first shipment. 


Today, electrical power surges through Rome wires and cables of 
many types, in many places . . . powering vital industry, lighting cities, 
safeguarding life, bringing convenience and comfort to homes through- 
out the land. 


Burrowing deep for vital minerals, carrying heavy power loads from 
city to city, turning the wheels of the nation’s industry . . . Rome wires 


and cables are unfailingly at work. 


When the farmer flips his barn switch for that 4 A.M. milking... when 
a hundred and one electrical conveniences are called into use... 
Rome wires and cables are at work. 

When television gives you a ringside seat, when an electric mixer 
whips up a cool summer drink . . . or, a neon sign steers you toward a 
highway hamburger . . .Rome wires and cables are at work. 

Yes, even when a telephone voice directs an artillery barrage into 
Korean hills . . . the vital thread of communication may well be a Rome 
product. For, today Rome Cable is, again, producing for defense. 

So, for fifteen years Rome Cable has steadily grown in meeting your 
ever-increasing needs. Rome research and engineering have designed 

- better cables, have maintained dependable, high quality . . . to give you 
of the electrical industry only the best. 

At this milestone in our progress, we, again, dedicate our future to ever 
higher quality of product and the desire to serve you who have made 


these years count. 


ELECTRICAL CONDUCTORS AND STEEL CONDUIT 
OF BETTER QUALITY 


ROME CABLE 


— Jt Costs Less To Buy the Best Coyporaton 


ROME - NEW YORK 


, 
AAR 


TORRANCE - CALIFORNIA 
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Wr. 12% Ibs. 
12"x 5%4'x 7" 


Another Waterman POCKETSCOPE 
providing the optimum in oscilloscope 
flexibility for analyses of low-level 
electrical impulses. Identified by its 
hi-sensitivity and incredible portabil- 
ity, S-14-A POCKETSCOPE now per- 
mits ‘‘on-the-spot”’ control, calibration 
and investigation of industrial elec- 
tronic, medical and communications 
equipment. Direct coupling without 
peaking, used in the identical vertical 
and horizontal amplifiers, eliminates 
undesirable phase shifting. Designed 
for the engineer and constructed for 
rough handling, the HI-GAIN POCKET- 
SCOPE serves as an invaluable pre- 
cision tool for its owner. 


Vertical and horizontal channels: 10my rms/inch, with 
response within —2DB from DC to 200KC and pulse 
rise of 1.8 ys. Non- frequency discriminating attenuators 
and gain controls with internal calibration of trace 
amplitude. Repetitive or trigger time base, with linear- 
ization from Yacps to 50KC with = sync. or trigger. 
Trace expansion. Filter graph screen. Mu metal shield, 
And a host of other features. 


S-11-A INDUSTRIAL “POCKETSCOPE | 
$-14-B WIDE-BAND POCKETSCOPE _ 
_ $-15-A TWIN TUBE = POCKETSCOPE 
~ $-21-A LINEAR TIME BASE 

. Also RAKSCOPES, LINEAR 


AMPLIFIERS, RAYONIC® TUBES 
and other equipment — 
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INDUSTRIAL NOTES .... 


Alcoa Promotes Top Executives. Roy 
A. Hunt, President of the Aluminum 
Company of America since 1928, has been 
named Chairman of the Executive Com- 
mittee; I. W. Wilson, Senior Vice-Presi- 
dent, was made President; and Leon E. 
Hickman has been named Vice-President 
and general counsel. Arthur V. Davis 
continues as Chairman of the Board. 


Skinner and Rich Appointed Vice- 
Presidents of Philco. James M. Skinner, 
Jr., and Ray A. Rich have been made 
Vice-Presidents of the Philco Corporation. 


Servomechanisms, Inc., Relocates. Servo- 
mechanisms, Inc., presently at Old Country 
and Glen Cove Roads, Mineola, L. L., 
N. Y., has relocated its main office and 
home plant to new quarters at Post and 
Stewart Avenues, Westbury, L. L, N. Y. 


G-E Expands Jet Engine Program. The 
aircraft gas turbine divisions of the General 
Electric Company have taken an option to 
lease manufacturing space (the vacant 
Gaymont woolen mill) in Ludlow, Vt., 
as part of their expanded jet engine pro- 
duction program. Headquarters for the 
divisions will ultimately be located at the 
General Electric plant in Lockland, Ohio, 
where a vast aircraft jet engine and turbo- 
prop test, development, and production 
center is being established to meet the 
military needs for the company’s aircraft 
engines. The company’s current pro- 
duction model is the J-47, which powers 
the North American F-86 “‘Sabre’”’ and the 
6-jet Boeing B-47, the Republic XF-91 
interceptor, Martin XB-51 3-jet bomber, 
North American F-86D interceptor, and 
the Convair B-36 intercontinental bomber, 
with four J-47’s as auxiliary power units. 


Union Carbide and Carbon Appoint- 
ments. Fred H. Haggerson, President of 
the Union Carbide and Carbon Corpora- 
tion, has also been elected Chairman of 
the Board of Directors; Morse G. Dial has 
been named Executive Vice-President; 
and Dr. G. O. Curme, Jr. has been elected 
Vice-President in charge of research. 


Leeds and Northrup’s Boston Office 
Moves. The Boston office of the Leeds 
and Northrup Company has been moved 
to 430 Lexington Avenue, Auburndale, 
Boston 66, from its former location, 31 
St. James Avenue. 


Dr. Thomas Elected President of Mon- 
santo. Dr. Charles Allen Thomas, for- 
merly Executive Vice-President, has been 
elected President of the Monsanto Chemical 
Company. Doctor Thomas replaces Wil- 
liam M. Rand, who has retired. 


Roller-Smith and Elpeco Divisions Trans- 
ferred. The Realty and Industrial Cor- 
poration has transferred the business and 


' maintained at its present locations, 10( 


assets of its Roller-Smith and Elpec 
Divisions to the newly formed Roll 
Smith Corporation. Business will | 


North 8th Avenue and 1756 West Mark 
Street, Bethlehem, Pa., and 106 §; 
Walnut Street, Allentown, Pa. 


Du Mont Appointment. Walter C. Hu: 
has been named sales representative, 
England territory, electronic parts divisic 
Allen B. Du Mont Laboratories, Inc. 


Moore Elected Executive Vice-Preside 
of Lear. Paul Moore has been 
Executive Vice-President and _ gener; 
manager of Lear, Inc. 


Research Corp. Names Two Vice-Pres 
dents. James M. Knox and Carl 

Hedberg have been made Vice-Pr 
of the Research Corporation. Mr. K 
the financial officer, will make his 
quarters at the New York office; 
Hedberg will continue in charge of opet 
tions at the Bound Brook, N. J., plant 


Sprague Acquires New Facilities. 1 
Sprague Electric Company has pure 
part of the main plant of the 
Holden-Leonard woolen mill in Bem 
ton, Vt., to expand its facilities 
manufacture of high-temperature | 
wire. 


Changes in Top Officers Made at Bab: 
and Wilcox. The Babcock and V 
Tube Company has announced the 
of Luke E. Sawyer, formerly Ex 
Vice-President, to President; Alfred Id 
formerly President, was made Chai 
the Board; Isaac Harter, formerly 
man, was named a consultant 
company; and Edward A. Livingsto 
made a Vice-President. 4 


Allis-Chalmers Appointment. 
Roberts has been made director of 
neering, and R. C. Allen const 
engineer of the general machinery 
of Allis-Chalmers Manufacturing Com) pg 


Westinghouse Elects Two Vice-P: 
dents. E. W. Ritter, manager a 
Westinghouse: Electric Company’s— 
tronic tube division, has been nai 
Vice-President of the company, and E. \ 
Huggins has been elected Executive Vice 
President of the Westinghouse Elec 

International Company, the foreign tr 
subsidiary of Westinghouse. William 
Marshall, Vice-President in charge 
industrial relations for 17 years, has retire 
The company has also announced the 
pointment of J. H. Green as mané 
photoflash lamp plant, Bowling Green, Ky 


United States Steel Appointment. James 
H. Duff has been made assistant managé 
of sales of the New York district sales 
office of the United States Steel Company. 


(Continued on page 28A) 
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LIS-CHALMERS 


— wi 


000 kva 3 phase, 60 cycle, 55° C tise, positive pressure 
3 Equipped outdoor transformers installed by Consumers kva Allis-Chalmers power transformer at Erie. 


Power Company at Pontiac substation, Soon to be added is a 30 


Saved...By a Dow Corning Silicone 


; DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


| 
| 
! 
None= = Title 
| Company 
| Street 
I Cit Z 
y one State 
RES SSIS ETS i EE ty 
ATLANTA ¢ CHICAGO © CLEVELAND ¢ DALLAS e 


The pelt of many a mechani- 
cal rabbit has been saved by 
rewinding the motors that 
drive them with Dow Corn- 
ing Silicone (Class H) elec- 
trical insulation. That’s a 
modern Aesop's fable* un- 
covered by our Atlanta office. 

Here’s the moral. When 
your private or corporate life 
depends upon continuous 
operation, specify Dow 
Corning Silicone insulated 
motors, generators, trans- 
formers or solenoids. The 
more it costs you to permit a 
motor to fail, the more im- 


perative it is to prolong the 
life and to increase the relia- 
bility of that motor with Class 
H insulation made with Dow 
Corning Silicones. 

For about twice the cost, 
you get ten times the life; for 
a few hundred dollars, you 
save several thousand dol- 
lars in lost production, man 
hours of labor, maintenance 
costs and repair bills. 

Write today for more in- 
formation on how you can 
keep ahead of the pack with 
Dow Corning Silicone (Class 
H) Insulation. 


This fable can be and has been acted upon to 
save the less expendable hides of some of the 
most able electrical maintenance engineers. 


Please send me more information including list of Class H 
motor shops and Class H motor manufacturers. 


mm. DOW CORNING 


CORPORATION 


LOS ANGELES e¢ NEW YORK 


WASHINGTON, D.C. © In CANADA: Fiberglas Canada Ltd., Toronto © In GREAT BRITAIN: 
Midland Silicones Ltd., London. 
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.tains more complete details on the timer. 
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NEW PRODUCTS ee 


High-Power Transmitting Tube. 

Amperex Electronic Corporation, 25 Was 
ington Street, Brooklyn 1, N. Y., has an 
nounced development of a new highaed i 
air-cooled transmitting and power tub 
type AX-9906R/6078, with a plate dissipa 
tion of 45 kw and a weight of only 6 
pounds. The tube’s high ratio of 
dissipation to weight is due to the fact 
it employs high efficiency radiator fins 
a new type of air flow chamber. 

velocity air is diverted in the assembly 
a number of parallel paths, thus mini 

the total pressure. Designed for 

power transmitter and industrial applic 
tions, the triode produces an output « 
108 kw at 15 megacycles and is inte 
for operation up to a maximum frequeni 
of 30 megacycles. Complete informati 
is available from the company. 


~ 


Pneumatic Timer with Invertible 
net. Designed for timing machine 
cycles, conveyor systems, and similar 

dustrial operations, the Square D class-90 
type-R pneumatic timing relay has a ne 
invertible magnet that increases its adapt 
bility to user’s requirements. ~ Depeni i 
upon the position of the a-c actu 
magnet, contacts operate with delay é 
after energization or after de-energiza 
of the magnet. The timing range is ac 
justable from 0.2 second to 3 min 
Operation is based on the principle of a 
transfer between two chambers through 
restricted orifice. Contacts have pilot duty 
ratings up to 600 volts alternating or direc 
current. Bulletin 9050-RQ, available from 
the Square D Company, 4041 North 
Richards Street, Milwaukee 12, Wis., con- 


Electronic Brain. The Computer Cor 
poration of America, 149 Church Street, 
New York 7, N. Y., has introduced a low 
cost, compact, integro-differential analyze 
nicknamed Ida. Ida can solve quali 
tive and quantitative studies in chemi: 
mechanical engineering, aerodyna 
nucleonics, thermodynamics, servoanal 
and network analysis. It solves lini 
differential equations with constant coé 
cients up to the eighth order. Eight ini 
conditions may be set into the problem 
Solutions are recorded in graphic form 
a 2-channel oscillograph. All comp 
quantities can be recorded, two at a time. 
Any computed quantity can also be view 
on a 2-channel, magnetic cathode- 
oscilloscope while being recorded. Other 
features are eight precision integrating 
capacitors, with a tolerance of +1 per cent, 
23 10-turn, helical-unit potentiometers with 
linearity tolerances of +0.5 per cent (eigh 
of these potentiometers may be used as 
initial-condition potentiometers), 20 high- 
gain interchangeable, plug-in, d-c ampli- 
fiers, using both positive and negative 
feedback, and a power supply which pro- 
vides voltages regulated to better than 0.1 
per cent. This regulation is maintained 
under simultaneous variations of load (from 


(Continued on page 34A) 
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at this Eastern Plant 


odern G-E Metal-clad Switchgear now installed at 
he Traylor Company provides greater safety because 


individual compartments. Circuit breakers may be easily 
removed for inspection, with protection for personnel. 


all parts are completely enclosed. For greater protection Power is distributed from this unit at 2400 volts, replac- 
ing the old 240-volt distribution system. 


against short circuits, separate circuits are isolated in 
] 


load-center Unit Substation eliminates long low- the substation is located close to the machines it serves, 

roltage feeders—saves copper. 2400-volt power is low-voltage feeders are short, saving copper and giving 

eceived at this load-center unit substation and stepped better voltage control. Discarded cable previously used 

lown to utilization voltage on the factory floor. Because for low-voltage distribution is shown at left. 
96) 854-35 
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COMMUTATOR: 


ARALDITE RESINS for fill- 
ing and embedding elec- 
trical apparatus is used 
in this casting to pro- 
vide exceptional adhe- 
sion to metal parts, high 
mechanical strength, 
plus good electrical 
properties. 


ARALDITE RESINS bond magnetic pole pieces 
permanently to the gripper arms of this mag- 
netic key inserter*, used to replace split valve 
keys in gasoline engines. The highly viscous 
cold-setting Araldite Resin makes a quick, 
permanent bond of close tolerance and excep- 
tionally high strength at room temperature. 
(*Zim Mfg. Company.) 


ETHOXYLINE RESINS 


Fabricators seeking new, improved, simplified, time-and 
money saving bonding, casting and coating mediums, 
will find in these new but already extensively applied 
resins, an exceptional opportunity to put their ideas to 
work. Details of the properties and typical applications 
for Araldite Resins are fully described in newly published 
technical manuals, free upon request written on Company 
letterhead. 


*Trade Mark of Ciba Company Ine. 


COMPANY INC. 
IPLASTICS DIVISION 
627 GREENWICH ST. 
NEW YORK 14, N.Y. 
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‘Temporary Load Break. The temporary 


jumper, to by-pass the circuit while the 


(Continued from page 34A) 


no load to full load) and of line (from 15 
to 135 volts). Input is 110 volts, 50 to ¢ 60 
cycles alternating current. Any further 
details may be obtained from the company 


Electrical Steel. The Armco Steel Co; 
poration has developed a new thin electrical 
steel known as TRAN-COR T-O-S, which 
can be operated at inductions 20 per cer 
higher than any nickel-iron alloy. In 
tended for use in wound-type transformer 
and reactors which operate at 400 cycles, 
the new material was developed under 4 
contract with the Bureau of Aeronautigs 
of the Navy Department to permit minia 
turization and reduction in weight of aii 
borne electric equipment. Minimum per 
meability at 18 kilogausses is 1,806 
TRAN-COR T-O-S is an iron-silicon alloy 
with a density of 7.65 grams per cubi 
centimeter, a volume resistivity of 47 
microhm-centimeters or 282 ohms per m 
feet, and a lamination factor of 95 per cen 
solid. More complete information may 5 
obtained from the Armco Steel Corpors 
tion, 703 Curtis, Middletown, Ohio. 


load break, load pick-up switch, a new 
A. B. Chance Company product, provide 
a simple means for removing taps from 
conductors under load conditions, where 
there are no reclosers or circuit breakers 
without pitting or burning the conduction 
or clamps and without drawing long aré 
that hazard phase-to-ground or phase-to 
phase faults. When loaded branch circuit 
that have been out of service must be re 
connected to main line conductors, the) 
switch can be used as a pick-up device 
giving the same protection to line and 
equipment. The device combines a dig 
connect switch and flexible link connection 
After the switch blade is pulled, the lin 
connection is broken by tripping a triggel 
to release the link intact. Cutouts may Be 
opened safely on loaded circuits by jump= 
ing around them with the load switch 


cutout is opened manually—then breaking 
the circuit by pulling the switch triggers 
Disconnecting capacitors, or opening dis 
connect or sectionalizing switches unde 
conditions that might produce long, 
controlled arcs, may also be accomp 
with this switch. Any further informa 
may be obtained from the A. B. Ck 
Company, Centralia, Mo. - 


100-Volt D-C Capacitors.” A line off 100 
volt d-c capacitors, with double the capaci 
tance designed into the same capac 
space, has been announced by the Genera 
Electric transformer and allied produ 
divisions at Pittsfield, Mass. For app! 
tions where an expected life of 1,000 h 
is satisfactory, the rating can be incre 
to 150 volts, and temperatures to 40 dé 
grees centigrade. There is negligibl 
change in capacitance from —40 degree 
centigrade to 105 degrees centigrade, ang 
the units give full life expectancy at ten 
peratures as low as —55 degrees centigrade 
These thin-paper, thinfoil capacitors wi 
pass signal voltages approaching zero, al 
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Al\\ _ your product? 


3 JACK HEINTZ does it! 


J & H engineers specialize in designing power packages to 
harmonize with the products they serve. For example, take 
the 144-HP motor we designed for a streamlined food slicing 
machine. Dynamic balancing to 14 ounce-inch and unusual 
design features assure exceptionally smooth, quiet operation. 
Its short, clean-lined housing blends with our customer’s 


modern, well-designed product. 


Making Rotomotive devices, tailored to fit, is the kind of 
J & H specially designed mofor for food 
slicer manufacturer. Top-quality parts and 


precision workmanship mean years of trouble- modern appearance or unusual compactness, special mount- 
free service life. 


job we do best. Whether your motor requirements call for 


ings or unique wiring, large or small quantities—or any com- 
bination of these—just remember, Jack & Heintz does it! 


For information, write Jack & Heintz...Cleveland 1, Ohio. 


Jack « Heintz 


e 
co G | ter 
Se EQUIPMENT 


punched on a high-speed automatic press, 
typical of the kind of equipment that enables means electrical, hydraulic or mechanical devices \ designed to solve 


a h standard and are 4 P F 4 
eee i a a unusual problems of developing power, controlling it, or using it. 
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FOR ACSR AND ALL ALUMINUM CONDUCTOR 


More than 25% safety factor. 


Hysteresis and eddy current power losses reduced 
to a minimum. 


N: Insures against corrosion, heating and annealing 
damage to conductor within clamps. 


Backed by many years of coordinated electrica’ 
mechanical and metallurgical engineering know! 
edge and experience in the design and manufac 
ture of cast aluminum products. 


y for Catalog No. 320 on Aluminum Suspension and Strain Clamps 


Consult one of our nearest 18 representatives or contact our main office 


npverson Brass Works, Inc 


POST OFFICE DRAWER 215i 
Birmincuam,!,ALtasama 


@ BRONZE AND ALUMINUM POWER CONNECTORS, FITTINGS, 
AND BUS SUPPORTS 
ALUMINUM SUSPENSION AND STRAIN CLAMPS 
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can also be used in low-voltage a-c circu 
under many conditions. The Gene 
Electric Company, Schenectady 5, N, 
will supply any additional details upe 
written request. : 


225-Reactive-Kva Capacitor Bank. 
Cornell-Dubilier Electric Corporatio 
1,000 Hamilton Boulevard South, Sou 
Plainfield, N. J., has announced devek 
ment of a 225-reactive-kva switched powe 
factor improvement capacitor bank, whi 
is designed for operation on 2,400 to 4,1 
3-phase distribution circuits. Two of the 
units may be installed from a comm 
cross arm, permitting short symmetri 
connections and maximum accessibility 
service and maintenance. Arrangement 
the electrically operated oil switch and 
capacitor units provides a weight balan 
assembly, mounted in a galvanized str 
tural steel hangar. Further information 
available from the company. 


Motor Starters. The new Clark 
starter for a-c motors introduces a n 
arc-interrupting principle by the combi 
use of strong multi-turn magnetic blowe 
with twin break contacts. A steel ¢ 
enclosing each arc chamber, carries 
flux. The arc is extinguished by apply 
the effect of the blowout coil concen 
with the contact. The steel arch chamt 
and center stud form the magnetic cire 
around each contact. The magnetic f 
is concentrated in a cone from the s 
center stud supporting the upper con't 
to the steel rim in the lower arc shield 
rounding the lower contact. Two differ 
actions occur, changing each half-cy 
with the reversal of the current. In 
current direction the arc is forced to 1 
outer edge of the upper contact, lengthen 
and rotated. In the other, the arc is 
tated and forced to the middle of the up 
contact. In each case, the magnetic fie 
tends to extinguish the arc, either 
lengthening it or confining it. co ne 
important action is the constant mov. 
the arc. In its forced rotation, it m 
continually move from a hot spot t 
relatively cool spot, and the result is ef 
tive arc interruption. No carboni 
insulating material can occur bec 
parts in the arc chamber are coppe 
and steel. The top of the arc cl 
closed, thus preventing accumul 
the ionized gases between the wi 
minals. ‘This factor minimizes 
phase failures. Mr. E. C. Rober 
tising Manager, The Clark C 
Company, 1146 East 152nd Street, Cle 
land 10, Ohio, will answer any inquiries 
the starter. 


r 


Ionization Tester. A new nondestruc 
method of testing electrical insulation : 
cables has been introduced by the Br 
Electronic Group, 366 Madison Avert 
New York 17, N. Y. The Airmec 
ionization tester type 732 operates | 
100-130- and 200-250-volt 50-cycle- 
second mains. Consumption is appt 
mately 50 watts. A direct voltage 
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THE HATHAWAY SC-16A SIX ELEMENT 


RECORDING CATHODE-RAY 
OSCILLOGRAPH 


NEW HIGHS IN RESOLUTION are obtained by this new 
oscillograph because of its unusually HIGH FREQUENCY 
RESPONSE and HIGH CHART SPEED...designed for record- 
ing fast transients and continuous phenomena. 


FREQUENCY RESPONSE 0 to 200,000 cycles per second 

RECORDS up to 1000 ft, long at speeds up to 600 inches per second 
RECORDS up to 10 ft. long at speeds up to 6000 inches per second 
WRITING SPEEDS as high as 5,000,000 inches per second 


Note these additional unusual features. 


@ SIX ELEMENTS with convenient interchangeable lens stages for 
1, 2, 3, or 6 traces on full width of chart. 

@ INTERCHANGEABLE RECORD MAGAZINES for CONTINUOUS 
RECORDING on strip chart, either 6 inches or 35mm in width up to 1000 
feet in length, DRUM RECORDING for short, high-speed records, and 
STATIONARY CHART for very short transients. 

@ PRECISION TIMING EQUIPMENT, tuning fork controlled, for 
1-millisecond or 10-millisecond time lines. 

@ Crystal-controlled Z-AXIS MODULATION for 1/10 millisecond 
time marks. 

@.QUICK-CHANGE TRANSMISSION for instantaneous selection of 16 
record speeds over a range of 120 to 1. 

@ AUTOMATIC INTENSITY CONTROL. 

@ CONTINUOUS SWEEP OSCILLATOR which permits viewing as well 
@s recording. 

@ Single-pulse LINEAR OSCILLATOR for recording transients on 
stationary film. The record can initiate the transient to be recorded, or the 
transient can initiate the record. 


bf Each recording element is a complete unit, fully housed, 
which can be instantly inserted or removed. Recording 
element contains high-intensity cathode-ray tube, and 
both AC and DC amplifiers. Control panel is located on 
outside end. 


FOR FURTHER INFORMATION, WRITE FOR 
BULLETIN 2G1-J 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET ¢ DENVER 10, COLORADO 
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tinuously variable from 250 to 5,000 volts ig 
provided by a high impedance source, anc 
this voltage is applied to the insulation of 
the component under test. The ionization 
currents which occur within the insulatioy 
when the voltage is raised beyond a cer 
tain value are amplified and used to pro 
vide an audible indication by means of % 
loudspeaker. ‘Thus the threshold voltage 
level at which ionization commences 
immediately apparent, and the test may 
discontinued at any point before ac 
breakdown occurs. Leakage resistance 
the order of 50 megohms and less are in 
cated visually by means of the opening of 
cathode-ray indicator and the fall in rez 
of the voltmeter. Since the werkin 
of any insulation is considerably shor 
by continuous subjection to a vo 
sufficient to cause ionization, the maxing 
safe working voltage of any component ¢2 
be immediately ascertained by this in 
ment without danger to either the | 
ponent or the test operator. 

Further details may be obtained from} 
company upon request. 


TRADE LITERATUR 


Class-Room and Student Aids. 

Advertising Department of Sylvania 

tric Products, Inc., Emporium, Pa., 
issued a bulletin which lists Sylvania 
technical publications, such as radi¢ 
instruction course charts and lesson folders 
radio symbols charts and a guide, a tech 
nical tube manual, a germanium diode 
book, an Ohm’s law chart, tube charaes 
teristics folders, a television servicing book 
and others. Many of these publications 
designed for the engineering student, are 
available without charge. Copies of the 
bulletin listing these class-room aids are 
available upon request to the company. 


Better Industrial Lighting. A new light 
ing-at-work bulletin has been issued Dj 
the Westinghouse Electric Corporation 
Aimed at the industrial plant operator 
this booklet analyzes the three modi 
light sources—fluorescent, mercury vai 
and incandescent. Copies of B-4727 
available from the company at Box 2099 
Pittsburgh 30, Pa. 


Fixed Composition Resistors, The Intei 
national Resistance Company, 401 Nort 
Broad Street, Philadelphia 8, Pa., 
made available catalogue bulletin 
which contains data on characteristics a 
specifications of advanced type BT fixed 
composition resistors for 1/3, 1/2, 1, and 
watts. It may be obtained upon request: 


Testing Instruments, Bulletin GEA- 45 
is a buyer’s guide for testing instruments 
It may be obtained from the Generé 
Electric Company, Schenectady 5, N. Y. 


Welding Design Manual. ‘The third 5 
page edition of Eutectic’s welding desig 
manual, which includes new articles & 
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1 1b. of copper will 
do the work of 1.6 Ibs, 
when you use 


ROCKBESTO: 


A.V.C. 


{CODE TYPE AVA) 


Copper required by Type RH 
cables as compared with 
Rockbestos A.V.C.— the Hi- 
ampere cable. 


Size for size Rockbestos A.V. C. car- 
ries more current than ordinary cables. 
And that’s why it makes your critical 
copper and steel go farther. 


NEC TYPE RH => 


You alwa;’s use a smaller cable with 
Rockbestos A.V.C. Smaller cable requires 
less copper and smaller. conduits and 
fittings on your -power circuits. You 
save copper — save steel — save time 
and money. 


POUNDS COPPER/100 FEET 


Where voltage drop and power losses 
are critical, proper engineering allow- 
ances should be made. 


<@= ROCKBESTOS Hi-l AVC 


Call your Rockbestos Application 
Engineer today. Ask for a copy of “Rx 
for a Building with Hardening of the 
Arteries. aay Anh 

AMPERES/PH ASE 


: re ‘ Comparison Made on Basis of 3 6, 4 wire 
a i : ; system, 80% Neutral, 40°C (104°F) 
: px. Ambient Temp. NEC Chapter X. 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK CLEVELAND DETROIT CHICAGO >» PITTSBURGH 
ST. LOUIS LOS ANGELES OAKLAND, CALIF NEW ORLEANS 
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SAVE i 
Jct. 


FLOOR S NP EAPIER 


SPACE... ii ff 


.. With PECO 


Rectifier 
Battery Chargers 
and/Power Supplies 


@ All components in one cab- 
inet 


® No separate units to install 


@ Cuts installation cosis 


INcrEASED building costs make 
the saving of floor space an extremely important fac- 
tor in any plant today. 


That is why PECO rectifier battery chargers and 
power supplies are built on the “skyscraper” prin- 
ciple to best utilize valuable floor space. For ex- 
ample, the battery charger illustrated here occupies 
less than 1 sq. ft. per KW, and no special foundations 
are necessary. Capacities can be increased by oper- 
ation of two or more units in parallel. 


With the many years of experience in the devel- 
opment and manufacture of closely regulated rec- 
tifiers of all types, PECO is ready to assist you with 
your next rectifier application. 


POWER EQUIPMEN 


55 ANTOINETTE STREET DETROIT 2, MICHIGAN 
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joint preparation by means of 
arc, design information, new 1951 w 
alloy developments, and chemical wi 
aids, is available from the Eutectic Wi 
Alloys Corporation, Department P, 40 
172nd Street, Flushing, N. Y. — 


Electrical Insulation. A series be 
product bulletins (numbers 250, 400, 
527, 680, 680A, 750, 800) covering 
resistant class-H silicone electrical it 
tion materials has been published 
Insulation Manufacturers Corporatio 
West Washington Boulevard, Chi 
Ill. All bulletins may be obtained 1 1 
request. ; 


Roller Bearing Engineering. §S. 
dustries, Inc., Philadelphia 32, — 
made available their 270-page 
“Ball and Roller Bearing Engin 
for the special price of $1.75. “ 
covers in technical detail such 
as bearing types and nomen 
capacities, selection, design, inst: 
maintenance, causes of failures, 
calculations. 


Protection of Motors. Co-ordinatec 
tection—interlinked protection o ir 
motors, and personnel—is explained 
new high-voltage combination-stafealal 
let, DB-4673, available from the We 
house Electric Corporation, Box 2 
Pittsburgh 30, Pa. 


Motor Control, A 92-page illus 
catalogue containing information 
descriptions of Allen-Bradley motor ec 
has been announced as available ie v 
Allen-Bradley Company, 136 West G 
field Avenue, Milwaukee 4, Wis. _ 


Vacuum Calculator. A slide r 
signed for quick calculations in ve 
research and processing work, has 
developed by the F. J. Stokes Ma 
Company, 5900 Tabor Road, Phi 
20, Pa. The slide rule will de 
needed pump capacity to evacuate 
volume to a specified vacuum in 
time, and the time required to 
specified vacuum in a given yolume 
a pump whose capacity is known. 1 
also determine vapor pressures 
at various temperatures, and cap 
of round tanks in both cubic feet per 
and gallons per foot. The Stokes | 
rule vacuum calculator is available 1 
request, 


Flame Failure Protection. ‘Protec 
Combustion Safeguard for Industrial ¢ 
Fired and Oil-Fired Burners,” cat 
9607, is a 32-page manual on flame 
protection for industrial applic 
Copies may be obtained from the 

apolis-Honeywell Regulator Compan 
dustrial Division, Wayne and Windr 
Avenues, Philadelphia 44, Pa. 


Sprague Bulletins. The Sprague Elect 
Company, North Adams, Mass., has issu 
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PHILADELPHIA 
PENNSYLVANIA 


Inherent in the design of the tower is 
recognition that the researcher needs 
efficient lighting, flexibility of power 
supply for his equipment requirements, 
and uncontaminated air for obtaining 
true results from his efforts. Power for 
lighting, motor loads and air condition- 
ing is supplied through a versatile 
power distribution system planned by 
Samuel R. Lewis & Associates, Engi- 
neers, Chicago. Protecting the system 
are an I-T-E coordinated outdoor sub- 
station, two I-T-E indoor unit substations, 
and an I-T-E distribution panelboard. 


I-T-E Circuit Breaker Company —the 
center of switchgear progress—is proud 
of its contribution to the progress of 
Johnson’s Wax. 


Electr! 
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clutch rings 
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Conti E 
spectrographite 


C for your copy of 


this 44-page book. Besides describing 
Stackpole products, it contains data on 
the amazing versatility of carbon and 
graphite in modern equipment. 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 
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three new bulletins: bulletin 272B c 
scribes 1,000- and 2,500-volt d-c Hypa 
3-terminal network feed-through capa 
tors; bulletin 602 gives ratings and siz 
of standard Bulphate flat ceramic ¢ 
pacitors; and bulletins 403B and 4, 
contain revised standards for Ceroc 2 
and Ceroc T high-temperature magi 
wires. All bulletins are available 
request to the company. 


Protection for Aluminum. “Amorpho 
Phosphate Coatings for Protection of Al 
minum Alloys and for Paint Adhesior 
an article by Alfred Douty and F, | 
Spruance, Jr., may be obtained upon 3 
quest from the American Chemical Pai 
Company, Ambler, Pa. ' 


Vibrotron. The Institute of Inventive Re 
search, 8500 Culebra Road, San Antonio! 
Tex., has issued a booklet, “‘Reports on f 
Vibrotron.” The Vibrotron is a new mea 
uring device based on the principle of # 
vibrating string. Copies of the booklet a 
available from the company upon wri 
request. 


Electronic Equipment. A  1,053-papg 
catalogue which lists the products of # 
major radio-electronic equipment mar 
facturers in the United States, comple 
with prices and discounts, is available | 
authorized purchasing agents who write ¢ 
their company letterhead stating the 
official capacity. Address Departmen 
A-E, Milo Radio and Electronics Corpora 
tion, 200 Greenwich Street, New York 
N. Y. 


~ 


Polyphase Induction Motors. The lar 
polyphase induction motor, and its place i 
the industrial picture, is the subject of a ne 
28-page booklet (B-4739) available fro 
the Westinghouse Electric Corporatio) 
Box 2099, Pittsburgh 30, Pa. ; 


Static Magnetic Memory. Three boo 
lets which describe the potential 
operating characteristics, and some applic 
tion techniques of the Alden static magnet 
memory are available from the Alde 
Products Company, 117 North 
Street, Brockton 64, Mass. 


Capacitors. Ninety different standard ra 
ings of Sprague Cera-mite capacitors, # 
gether with complete performance c 
teristics, are included in Sprague-Herle 
engineering bulletin 607B, available igs) 
the Sprague Electric Company, Nort 
Adams, Mass. 


Stainless Croloy Tubesand Pipe. A1 0 
page leatherbound handbook, “The Prof 


and Welded Tubes and Pipe of the B&V 
Stainless Croloys,” is offered upon reques 
by the Babcock and Wilcox Tube Com 
pany, Beaver Falls, Pa. Intended fe 
engineers, designers and fabricators, it i 
designed to serve as a guide in choosing th 
proper material and as a help in planning 
the conversion of stainless steel tubing int 
finished products for industry. 
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